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ELECTROMErT LOW-CARBON FERROTITANIUM 
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Titanium 
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Sil icon-Titan ium 


Sizes: 2 in. x Down 


Size: 2 in. x Down 
1 in. x Down 


20 Mesh x Down 


Crushed Size: Ma in. x Down 


Put 
ing 
dat 
eng 
res 
the 
ing 
Inc 
mam... 0.19% 0.19% mee 
Silicon 0.10% max... 0.10% max... - 0.10% max. 
W, Carbon man... 0.10% max... 0.10% mer GR 
titi Size 2 in. x Down 2 in. x Down 2 in. x Down 
per — 
Manganese-Nickel-Titanium 
¥ 
mit Titanium 40-50% Titanium 465-48 5% 
Silicon... 45.50% Manganese... 6.80, “ 
me Aluminum... 12.5-14.5% 
tant where the 
titanium to nickel 
base high-tempera al altos for the 
Aluminum-Titanium 
titanium metal indu 
(dit information about Regular Grade Migh-Purity Grade 
N 
Titanium ........ 5010 460% Titanium ........ 55% 
Aluminum. 40 to 45% Aluminum. ...... 4410 49% 
tice | Silicon ........ 6.28% men, 
WOM... Wen ........... 9.00% men, 
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Did you know that 


“The 
Eugincer(ug 
Soctetics 
Library 


can serve you by air mail 


and air parcel post? Over 


170,000 engineering texts, 


and files of every worth 


while periodical are avail 


able for further research to 


meet your specific needs 


patents, design, research, 


construction, and manage 


ment problems. Charges 


cover only the cost of the 


services and represent but 


a fraction of the value you 


will receive 


The Engineering Societies Library 
1) West 19th Street, New York 18.6 ¥ 
Mr Raiph Phetps, Director 


Please send me informa 
tion pamphlet on services 
available, how air mail can 
expedite them, and their 
cost. 


Name 


Street 


City 


State 


PERSONNEL 


HE following employment items are made 
available to AIME members on a non 
profit basis by the Engineering Societies Per 
sonnel Service, Inc Agency) operating in 
cooperation with the Four Founder Societies 
Local offices of the Personnel Service are at 
&W. 40th St, New York 18, 100 Farnsworth 
Ave, Detroit, 57 Post St. San Francisco. 84 
E Randolph St, Chicago |. Applicants should 
address all mail to the proper key numbers in 
care of the New York office and include 6c 
im stamps for forwarding and returning appli 
ation’ The applicant agrees, if placed in a 
position by means of the Service, to pay the 
placement tee listed by the Service. AIME 
members may secure a weekly bulletin of 
positions available for $3 50 a quarter, $12 a 


year 
MEN AVAILABLE 
Physical Metallurgist, M 
degres Twenty-five yea 
} ma | t | p ‘ ‘ 
K le ‘ f 
‘ 
tu t. Desi 
ad 
rit i I 
I 
POSITIONS OPEN 
Chief Analyst, B.S. in che tr 
nol i! for new meta il cul 
pment 
perience 
ma i ind ity 


PROCESS 
METALLURGISTS 
CRUCIBLE STEEL COMPANY 
OF AMERICA 
Pittsburgh 3 PA 


operation of various equip 

nt ict i pectrototometer, po 
ilorgraph, and fluorometer. Must be 
ible to accept responsibility in con 
troll i iying and be able to adapt 
te ind procedure to re 
quire ents of their research and de 
opment section. Salar open Lo- 

catior Connecticut. W4462 

Associate Director of Research and 
Development, 34 to 50, with at least 
i minin m of ) ca I earcn ©) 
‘ eit ind ref 
eta t least f ‘ oft 
these 15 Cu nould ha been 
pr Cs} I t tie it pro 

‘ ‘ ‘ ‘ ictua produ 

t experience ! eltir ind re 
| itior ild be helpful 

I t th a etal processo! 
i Ope ] i I I ist W 4454 
Metallurgist, eraduat ing, to 
VOrK in laborats forge hop, and 
eat treat epartment for com 
| perating ! 0 board drop 
i ! ind pe i nm all 
tt qualtit produce 

i tre fer eta Prefer 
ppl int th three year 
experience ! thi held Salary 
oper Locatior Connecticut W 4425 


Metallurgical Manager, with man 


igerial, sale ind estimating exper! 
ence covering heat treating and an 
nealin of ferrou ind nonferrou 

iterial ind fabricated product 
Salary, $8,000 to $10,000 a year plu 


bonu Location, New York. W4399 


Metallurgist, 2) to 35 raduate 
chemical engineer, with experience 
in plant operation ar i proce evalu 
ition, for supervisory responsibility 

f chemical proce in & uranium ore 
proce ! ll. Son experience it 
proce levelopment and testing de 

rable Excellent opportunity t 


earn new industry proce and tech 
S69000 to $4000 a veut 


Location Northwest. W4397 


CHEMICAL ENGINEERS— 
METALLURGISTS 


for 


ASSISTANT GENERAL 
PLANT SUPERINTENDENT 


5 10 yes. experience 


SENIOR 
PROCESS ENGINEERS 
3 yrs experience 


Heavy or Non-ferrous Metals 


particularly im Nickel of Cobalt 
with degree im Chemical Engineering of 
Metallurgy Benefits includ Liberal 
vacation low taxes. low-rent 


housing, paid moving cxapenses, Company 
sponsored Grade School 
Submit detailed resume 
requirement te 


NICKEL PROCESSING 
CORPORATION 
11!) Broadway 
New York 6,N Y 


indicating salary 
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Sales Manager, engineering de 
ree, for company engaged in metal 
fields. Any experience 
mill, wire mill equip 


proce Ing 


with rolling 


ment desirable. Salary, $10,000 plus 
per year. Company will negotiate 
fee. Location, New York metropoli 
tan area. W4361 


Graduate Fellowships, in physical 
metallurgy. Full time academic and 
experimental work leading to M.S 
or Ph.D. degree. Salary, to $2700 per 
academk tuition Possibil 
ity of summer employment. Avail 
able July or September 1957. W438 


year plu 


Metallurgist, experienced 
metallurgy. Salary, 
Location, Long 


Senior 
in nonferrou 
$7200 to $8400 a year 
Island, N. Y. W4382 


1 Additional classified advertis- 
ing appears on pages 224, 226, | 
and 306. 


METALLURGICAL 
ENGINEER 


For unusually interesting 
combination of customer 
service and lab work on met 
allurgical additive widely 
used in foundries and steel 
Requires training in 
ferrous metallurgy; some 
experience in gray iron melt 
ing desirable, or familiarity 
with open hearth practice 
Work will include both field 
trips to supervise additive 
tests and direction of lab 
work to obtain physical data 
for customers and sales lit 
Write to 

Howard B. Pilkey 

Manager, Salaried Personnel 


THE CARBORUNDUM COMPANY 
NIAGARA FALLS, NEW YORK 


plants 


erature 


POWDER 
METALLURGISTS 


Basic and Applied Re- 
search on cermets, refrac 
tory metals and SAP type 


high temperature alloys 


Well rounded background 
in physical and powder 
metallurgy is desired, but 
all levels of experience will 
be considered 

Write or phone 
A_H. Grobe 
W_ A. Johnson 


Staff Research 
and Development 


THOMPSON PRODUCTS, INC. 


23220 Euclid Avenue 
Cleveland 17, Ohio 


WANTED 


Profe r of Phy Metallurgy. Dutie 


VACUUM MELTING 


Exceptional opportunity for gradu 


ite engineer. Experience and inter 


est in vacuum melting and furnace 


design are required Experienc e 


with induction vacuum melting or 
nsumable electrode vacuum melt 
prerequisite with exper 


ing 


ence in both very desirable 


Excellent salary and benefits are 
available with pportunities for 
creative development and prote: 
sional advancement in an ¢« xpand 


ing research laboratory of a lead 


Ing manufacturer of specialty steels 


and alloys 


Send confidential resume ond s« 


ary requirements to 
Mr A A Marquer Ir 
CRUCIBLE STEEL COMPANY 
OF AMERICA 


P O Box 88 Pittsburgh 30. Pa 


Diamond 
Powder 


Compound 


* 


Send for complete Data 


WHITTAKER 
CLARK & 
DANIELS, 


METALLURGIST 


Needed in brass 


»phor bronze 


mill manufactur 
ing ph nickel silver 
and bra in the form of strip 


wire and rod 


Excellent px offering ad 


vancement and many benefits 


sition 


THE RIVERSIDE METAL COMPANY 


Div. of K. Porter Ine 


Riverside, New Jerse Yy 


materials. 


design and operation 


ments in complete confidence to 


1 Chemical Lane 
Boston 49, Massachusetts 
Att.: W. C. Maxwell, Jr. 


MONSANTO CHEMICAL COMPANY 
INORGANIC CHEMICALS DIVISION 


offers immediate openings for 
Research metallurgists, chemists, chemical engineers, ceramists, 
physical scientists, BS, MS, Ph.D, preferably with some experience. 
Outstanding opportunities to participate and lead in new expanding 
research efforts on novel and improved routes for recovery of chemi 
cal and metallurgical values from native ores and commercial raw 


Field covers entire spectrum of exploratory and fundamental labora 
tory investigations, process development and improvement, pilot plant 


Backgrounds in hydrometallurgy, beneficiation, solvent extractions, 
ion exchange and related fields of extractive metallurgy helpful. 
Broad freedom of action, professional and individual recognition of 
accomplishments. Extraordinary Company benefits 

Send resume of education, experience, availability, and salary require 


MONSANTO CHEMICAL COMPANY 
Inorganic Research 


710 North 12th Street 
St. Louis 1, Missouri 
Att.. Mr. A. Sargent 
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METALLURGY AND METALLURGICAL ENGINEERING 
OPPORTUNITIES 


ATOMIC ENERGY 


TESTING 
PRODUCTION 
MAINTENANCE 
OPERATIONAL ANALYSIS 
RESEARCH AND DEVELOPMENT 


ACTIVITIES 


Design, development, testing, and operation of nuclear reactors and 
component parts for research, production, power, and aircraft propulsion. 
Design and development of pilot and production plants and processes in 
the over-all atomic energy programs 

Production of barrier and barrier materials, fluorine, and UF, feed, all 
directly associated with the concentration of U-235; radioactive and 
stable isotopes; and special materials required for reactor and other 
atomic energy programs 

Operation and mainten » of existing facilities. 

Fundamental and applied research in the over-all atomic energy 
programs 


Openings at all Degree Levels, 0-8 years experience in the 


GASEO! DIFFUSION PLANT OAK RIDGE TENN AND PADUCAH, KY 
OAK RIDGE NATIONAL LABORATORY 
OAK RIDGE ¥ 12 PLANT 
Paceptional eppertanitt modern and unique facilitte liberal benefit plans, educational 
and training program plant interview and meving expense moderate climate year 


steund eutdeer recreational activitie low cost living, available housing 
send resume and salary information te 


TECHNICAL PERSONNEL OFFICE 


UNION CARBIDE NUCLEAR COMPANY 


a division of 


UNION CARBIDE AND CARBON CORPORATION 


t Off; Oak Ridge, Tennessee 


ENGINEERING 
SOCIETIES 
PERSONNEL 
SERVICE, INC. 


New York 
8 West 40th St © Staff group reporting to cen 
tral management concerned with 
( hicag trouble-shooting, surveys, introduc 
84 Fast Randolph St tion of new methods, recommenda- 

tions tor purchase of new equipment 
ete. Some travel. Good position tor 
learning overall management meth 
100 Farnsworth Ave ods 


METALLURGISTS 


Multi-company metals organization 
requires one of two additional Met 
allurgists tor each of the following 


pan Francisco @ Reseerch and development 
from basic theory through to pilot 
shop melting and working, with 
flexibility within smoll group per 
mitting one moan either to do both 
basic and development work 
specialize Theory of alloys, 
alloy development, powder 

lurqy, melting, bonding, annealing, 
welding, rolling, drawing, swaging 
etc Precious metals, high tempera 
ture alloys, reactive metals 


sponsored by 
its members 
operated as 
Applicants ‘ 


cated and 
Please enclose 
r cost of mail Age 20 to 40, all degree levels 
me Solory dependent on qualifications 
Liberal employee benetits program 
Location Northern New Jersey. Send 
resume stating full particulars to 


Box 3-JM AIME 
29 West 39th St New York 18 


PORE BRASS 


We Want 


2 Research Metallurgists 
with MS degrees or equiva 
lent experience plus five 
years’ experience, for re 
search and development 
wo yn copper- and alumi 
num-base alloys. Some ex 
perience with these metals is 
desirable. Location: Bridge 
port, Conn 


1 Mechanical Metallur 
gist with Met. E rr M.E. de 
and approximately five 

experience, for test 

and metal fabrication 

blems at ur Bridgeport, 
nnecticut, laboratories 


Recent Met. E. graduates 
for training and assignment 
Metallurgy, Re 

earch, and Development at 
3ridgeport, Indianapolis, In 


diana, and Adrian, Michi 


gan 


We Offer 


Permanent positions with 
jrowing technical organiza 
tion of an established, ex 
panding nonferrous pr 


dur er 


Assistance for graduate 
studie 


Excellent working condi 
tions in up-to-date labs and 
plants 


Convenience to uncrowd 


ed pleasant residential 
areas 
Opportunities for ad 


vancement in_ responsibili 


ties and professional status 


Liberal benefits for you 
and your family 


further information 
these and other 1p 


rtunities please contact 
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abi ut 
Mr T M. Thormy 
ry f ne MA jer 
ng and turn t app 
BRIDGEPORT BRASS Co. 
n ‘ ¥ 
western and toast ast 
lished ond each ivailable ¢ nembers at ord rt mnect t 
+ $1200 per annum. and to nonmembers 
ot $45 per quarter $1400 per annum 
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MODERN ALUMINUM BILLET CASTING 


Billets are turned out at the rate of 2000 


Only the best in extrusion billet quality is 
good enough for The Himmel Brothers 
Company, Hamden, Conn. They produce 
architectural aluminum extrusions, most 
of which are subsequently anodized. 
Their new electric billet casting shop 
using an integrated group of induction 
melting furnaces has assured a consistent 


supply of top quality extrusion billets. 


Ibs. per hour by one supervisor and two 
men. Clean and cool working conditions, 
extensive automation, and negligible 
furnace maintenance provide a high re- 
turn on this investment. 

We should be pleased to give you more 
facts about this modern way of melting 


aluminum. 


TAMA-WYATT = 


he 
40 


AJAX ELECTRO METALLURGICAL Associated Companies 
AJAX ELECTROTHERMIC CORP 
AJAX ELECTRIC CO 
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of 


EXTRACTIVE 
CORROSION 
METALLURGISTS 


The expanding work of our Metals Research Department offers 
an exceptional opportunity for highly qualified individuals for 
challenging research work in Extractive Metallurgy and Corro 
sion. This assignment offers excellent opportunity for professional 
and personal growth for a creative individual who possesses an in 
terest in and knowledge of modern research methods. Salary 
commensurate with training and experience, with liberal benefits 
including tuition, free graduate study, and generous relocation 
allowance. Send complete resume to 


J. A. Metzger 


ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 
10 West 35th St. 
Chicago 16, Illinois 


RESEARCH METALLURGISTS 


Several attractive openings are available for metal 


lurgists, with graduate level training or equivalent 
research experience, to participate in expanding research 
and development programs in PROCESS, PRODUCT, 
AND PHYSICAL METALLURGY 

Work will be carried out in our modern laboratories 
in suburban Pittsburgh. Excellent opportunities are 
available for professional advancement in a young and 
growing organization 


Send resume, in confidence, to 


J. A. Hill 
Research and Development Department 


JONES & LAUGHLIN STEEL CORPORATION 


Gateway Center 


Pittsburgh 30, Pennsylvania 


STEEL 
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RESEARCH 
METALLURGISTS 


Basic and Applied Research 
on the hot working of met 
als including forging, roll 
ing and extrusion processes 
Well rounded background 
in physical and mechanical 
metallurgy is desired, but 
all level: f experience will 


be considered 


Excellent experimental fa 
cilities available in expand 
ing central research labora 
tory emphasizing materials 
for aircraft missile. elec 


tronic and automotive field 


A ciate rector Research 
THOMPSON PRODUCTS, INC 
2 3555 Fu { Ay 


U. S. 6. 


offers excellent opportunities 
for 


ENGINEERS 
and 
CHEMISTS 


interested in field of 
Zirconium and Titanium 


We have openings at various 
levels in operations, mainte 
nance, supervision, and devel 
opment. Investigate these and 
other openings 


NEW ORLEANS 
INTERVIEWS 
During AIME Meeting 
Feb. 24-28 
Contact Mr. O. J. Coudoux 
Roosevelt Hotel 
or submit resume to: 


Industrial Relations Department 


U. S. INDUSTRIAL 
CHEMICALS COMPANY 


Division of 
National Distillers Products 
Corporation 
99 Park Avenue New York, N.Y 


OR 


2 
Write or phone 
W. A Johnson 
Cleveland 17. Ohi 
3 
for re A fern rese enter in Pittsburgh, 


Every Morgan Mill is developed by highly skilled technical engineers 
to answer the exacting demands of mass production. Morgan introduced the 
first successful continuous rolling mill in this country and has consistently 


maintained leadership in pro- 


IRGAN MORGAR MORGAN MORGAN] MORGAN] MORGAR] MORGAR] MORGAN MORGAN MORGAR 


ducing quality, high production O 
MORGAN CONSTRUCTION CO. =. 
mills in this country and abroad. WORCESTER, MASSACHUSETTS a 
ROLLING MILLS MORGOIL BEARINGS GAS PRODUCERS ee 
WIRE MILLS EJECTORS REGENERATIVE FURNACE CONTROL 'v) 
(xr 
© 
<.. 


y 


ORGAN MORGAN MORGAN MORGAN MORGAN MORGAN MORGAN MORGA 
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An 80° machining advantage vell or mechanical properties are obtained by the switch to 
hued ron castings for this turret lathe fother ma ne to produced by The Warner & 
re typ il parts now cast 


of tiron and 


Warner & Swasey 
improves 275 turret lathe parts 
with ductile iron 


Clutch plates, hinges, ley , tool holders, wrenche dependable for severe use in machine tools Specify 
ier pa in all now specified in ductile iy ductile iron type 60-45-10, Warner & Swase 


iron for Warner & Swase turret lathes, nin the castings provide an average vield strength 


MONEY-SAVING MACHINABILITY 
or Warner & Swase 


250 psi and elongation of 16 These parts 
uve a high level of wear resistance. 


AND CASTABILITY 


The good fluidity of ductile iron permits filling 


ntricate molds improving quality of the cast 
i i i i i 


of 170-190 BEEN. Thi 
in machining co 
other advantaves. too You, too, can cut machining costs and improve 
HIGH MECHANICAL PROPERTIES ome by using ductile iro: 
astiny ret all the facts in “DUCTILE IRON, The 
Ductile iron castings provide a combination of Cast Iron THAT CAN BE BENT.” Write for vour 
re that makes them copy now. 


nys and quantity of output regardless of wide 
riations in section thickness 


The INTERNATIONAL NICKEL COMPANY. Inc 


ductile iron... the cast iron that can be twisted and beut ' 
Wall Street, New York N y 
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duetile iron easy to cast and machine etn de trenyth and tourhne 
*s adoption 
of ductile iron, The machine shop reports an 80 ee 
wivantage machining operations .or ductile 
the ductile (ron 


Durin U 


1,063,000 tons, an increase of some 3 pet over 1955. Zine consump 


1956 S. production of slab zine amounted to a record 


tion from 1955 to 1956 dropped by me 150,000 tor relectin 
lower automobile output, the teel str_ ke, and reduced purcha 
by the bra Indust! Lead itpult Wa p about $$ pct, but cor 
imptlion Wa ( idVerse flected that ( In both case 
price stability was maintained | | 5 Vvernment purchases fo 


U.S. production of crude copper reached 1,270,000 tons in 19 
more than 100.000 tor ibove 1955 output and the hivhe on res 
rd! Industrial con umption increased, but because Copper price 


were high throughout most of the vear, the Government did not 


enter into new Lon Kpiie commitment Expat horn planned 
the industry, and mine capac.ty of the non-communist World 
hould reach almost 4 million tons by 1962 compared with some 


} million tons today 


International Nickel reports 1956 nickel production of non-com 
munist world reached almost 450 million Ib, compared with 42% 
million in 1955. Estimated deliveries by principal producers are 
Inco 285 million Ib; Falconbridge 43 million Ib; Sherritt Gordon 
19 million Ib; U.S. Government’s Nicaro, Cuba plant 31 million Ib 
Hanna Nickel Smelting in Oregon 14 million Ib, and the French 


Socicte “Le Nickel” 22 million lb. Some 65 pet of this nickel wa 


consumed in the U.S. Increased amounts went to defense, al 
though the quantity available for civilian applications was some 
what vreater than 1955 


The 1956 production of primary aluminum in the U.S. reached 


1,680,000 ton ome 7 pet above 1955 and the filth Ice ive yeal 
that the industry has set a new production record. During the year 
primary producers increased their annual Capacity by more than 


125.000 lb. bringing total U.S capacity up to 1.760.000 Ib by the 


year’s end. Production of aluminum ingot from scrap also con 
tinued at a high level 

Despite the loss of an estimated 1] million tons during the strike 
the steel industry of America achieved a production of 115.2 mi 
lion tons of ingot thie eu the indust! nereased ca 
pacity b »> million ton brit ! total ingot capacit Of 1.4.3.5 
million ton correspondin to a Diast Turnace capacit ot 66.6 
million tons. To meet this expansion, the industr pent an ¢ 
timated $1200 million during the year Steel production of the 


European Coal and Steel Community reached a record level, 62.4 


‘ 


million ton an increase of almost 6 pet over the pre ou eal 
In the United Kingdom teel production reached a record 234.1] 
million tons in spite of labor dispute ind the economic disloca 
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well as original work, in the field of Please Order These Publications 
BOOKS emiconductors and allied subject from the Publishers 
ubjects considered in the present The Physics of Nuclear Reactors, 
British Journal of Applied Physic 
ment high-frequene transistor AY ave 
, Supplement WO ) The Institute of 
Physics, 47 Belgrave Square, London 
ORDER YOUR BOOKS THROUGH Molybdenum, b: Northcott, Aca S.W. 1, Eng., 112 pp., $3.60, 1956 
AIMEE Address Irene K Sharp, Book demic Pre Ine 2 pp., $6.80, 1956 This volume presents papers on prob- 
Dept AIME members given 10 pct This book, N in the Metallurgy ems of nuclear reactors given at the 
discount’ whenever possible Please f The Rarer Meta er is in time of the British Nuclear Energy 
order Government publications direct tended to be hoth t and reference Conference held in London. July 1856 
Special Report No. 58, The Iron and 
Chemical Engineering Practice, Vo! Aa oxidat ; shat one ‘ Steel Institute, 4 Grosvenor Garden 
I! State, ed HW. Cre er ent at lo London W. 1. Er 390 pp., $9.50 
1 ! Pre Ine., 632 pp., $17.5 Phase Diagrams Metallurgy, | 1956.—-This volume contains 50 papet 
collection of 1 F. N. Rhine MeGraw-H took Ce presented in four groups: manufac 
pipe by British authe ol ou Ine., 311 pp., $ 1956.—This text ture, properti ind testing of pow 
pect f tter in the tite med at undergraduate engineer ders; principle ind control of com- 
I) i f ye etallu tudent primary interest pacting and ntering: manufacture 
mn of et inn py mn of phase lia ind properties of structural engineer 
nd metalhe allo ire included ra t etal a problet ng component ind powder metal 
Pherefore, the ap his fi the lur of high mel point material 
Induction Heating Practice, | D ewpoint of the tructure and wm 
Warburton-Brown. Philosopl Pheorie et Technique de la Radio 
pp, $10.00 the empl he types of cristallographie, b \ Guinier 
pt handbook or the of sr Dunod #2 Rue Bor parte rar _ 
ndustrial proble f 150 pp., 9500 (app. $23.50) 
het — th spe ~ 1956 Thi vork presents the latest 
nm bra Industrial Engineering Handbook, progre ihieved in the technique 
nnealin fenir ind tempe ed. by H. B. Ma rd, McGraw-Hill of X-ra ind the interpretation of 
k Co. lr O4 pp $17.50, 1956 diagran place 1] the 
Progress in Semiconductors, Vol 1, This is ar ist 1 reference and ipplications of X-rays in the labora 
od} F. Gibson, Aliprau for the practicing engineer tone of cher t olid pl ic 
Bu John ind busine er on the pri ind metallur ind an important 
17 py rl thie ciple data od and pro chapter is devoted to erystalline 
fas ntended to present eodure of the le field of indu perfectior mportant te the 
t ‘ f the terature, a trial engineering physics of metal 


Just Pu 


hed! 


STRESS CORROSION CRACKING AND 
EMBRITTLEMENT 


Pdited by KROME RTSON. Vale aiversity 


, brand new book recording a mposium held under the 
of The Electrochemical Societ In fourteen 
papers leading research scientists from four countries di 

i the major advance in the field of corrosion cracking 
mad embrittlement during the last twelve eal An in 

portant volurne reflecting: the ignificant work done in 
universit iboratories and in industry, it will bring you 
ip to dat recent development 

te pages illus 


Introduction to SOLID STATE PHYSICS 


Second Edition 


CMARKET EPS KITTEL, t ntversity of California 


wcount tre ing fundamental theor of 


imple rode of solid This new edition include fuller 
explanation of basic concept giving new maternal on 
uch topr is diffusion, dislocations, alloy emicondu 
tot photoconductivity, luminescence, and imperfection 
nm solid 


METALLURGICAL THERMOCHEMISTRY 


Second Edition 


KE MASCHEWSKE National Physical Laberatery 
and & BVANS, Chemical Research Laboratory 
Pngland 


Teddington 
Teddington 


Ny © 
Pogtand 


rhis readable volume ts an invaluable aid to the researc} 
vorker and metallurgist It include il] the most recent 
lata of thermochemistry organized for practical applica 


tion, and recounts the latest research and experimental 


result The extensive table of thermochemical data of 
metal compounds wa only recently compiled 
110) pages illus 


ARCS IN INERT ATMOSPHERES AND 
VACUUM 


Pdited by W. EF. KUWN, Senior Research Engineer: 
The Carborundum Company 


With contributors 

ored 
book 
funda 


ymposium spon 


Con ting of 24 papers given at a 
valuable 


by The Electrochemical 
present more authoritative 
and applications of are 


Society thi 
information on the 
technology than any su 


mental i 
practical the book 


gle writer could compile Jasic and 
offers first-hand experience in the field 
fuse pages illus 


PROGRESS IN SEMICONDUCTORS 


Volume | 
Fdited by ALAN F. GIBSON, Radar Research Establishment, Malvern 
K.P. AIGRAIN, Universite de Paris, and BURGESS 
tniversity of British Columbia 


The very latest information on semiconductors brought to 


you by eight specialists in the field, in the first volume of 
an important new series of annual publication 
1956 pages illus 


Send today for ON APPROVAL copies 


JOHN WILEY G SONS, INC . 


440 Fourth Avenue, 


New York 16, New York 


230 JOURNAL OF METALS, FEBRUARY 1957 


4 
BOOKS Vp 


ef Dow magnesium alloys after 100 hours at temperature 


New magnesium alloy holds properties for 100 hours up to 700°F. 


| 


xtends further behets nobined 
metal nt i \ offer 
ere ol 


ited temperature iy 


pplement the ccellent characteristics of 


j upplied ine thee te ancl 


temper thout the need for further 


IXNA-TS retains it propertie it temperature ! beatin HM2INA 
period ofl tive kiven om hundred 


YOU CAN DEPEND ON 


FEBRUARY 1957, JOURNAL OF METALS—23})1 


<4 
Dow Magnesium alloy 
th streneth at elevated 
range of condition under which lig ri 
Sai 
ureralt ae m. Second in the 
ions, and aircraft. This alloy 
can be formed in thi: 
HM 
I 
I 
it ult im relatively little change in tensile yreld, creep and nearest Dow Sale Cfice « 
i | ; 


Compact, self-contained Stokes Vacuum Furnace is being used for investigations of vacuum 


melting of high temperature alloys, at International Nickel Company, Inc., Bayonne, New Jersey. 


THE METALS INDUSTRY 
1S PROFITING FROM THE 
USE OF OTHER STOKES 
PRODUCTION EQUIPMENT 


Vacuum Pumps. ¢ t Vacuum Metallizers 


be 
> 
a 
if | 
: 


International Nickel studies 
“super” alloys—melted and cast 
in Stokes Vacuum Furnace 


The “thermal barrier’’ may be pushed even higher, for jet engine 
service, as the result of investigations in vacuum processing of alloys 
in a Stokes furnace, at International Nickel’s Research Laboratory. 


ca i emove ses from metal ind qaans can manipulate he mel 
i cate ¢ i prope OF th and me i pric hi i 
‘ i i onvention i cil 
yuc |} e of the ol ot 
i i ( Ci¢ That | i ( ial 
Cor if) in hei 
Lace are ‘ ( | 
Vil rie i | ( 
[ Stokes Va ice company 1S it tre i ( ! ( ‘ 
Cc ete i i ist ipa of me i at ( 
‘ ¢ c te hye isa plan | | | (>) \ | ! 
¢ oft oft fa | my ‘ ia lope 
i ‘ i ‘ i en lia ( ol equired i ‘ i thie ( 
Linnie cast ion and COppel micron ranye 
‘ j 
} ( ( | thie i of { ¢ rie 
means of the Stokes vacuum lock, Inco tec that wecanen eer tor ye ecitic requiremet 


REFERENCE DATA ( e M 
( ei | Vert eld 


F. POKES CORPORATION 
Q Tabor Road, Philadelphia 20, Pa 


Powder Metal Presses. ( 
; 
- 


* 
7 
if 
14 
a 
= 
* 
) 
4 
cel er Me | e Powder M Presse ( 
wee 
‘ fe 
e tr) 
‘ Vacuum Furnace Division 


CHEMICAL NEWS 


ries for Chemists and Executives o Solve Chemical Consuming lodu-tries 


Greenleaf to Handle Market Jipoontum and ‘Titanium Lick 


Development of Zirconium 


tor 0.3.2. Roughest Corrosion Problems 


Metals to be Available at Lower Cost in’ Future: 
Provide Long-Lived Materials of Construction: 


Complement Lach Other on Corrosion Resistance 


equipment which is esistant to almost 


mulustry. | using «1 hee or titanium 


| 


New Metals Beonomical 


equipment can new 


Faye Named Manager of 
Sodium Product Sales 
Typical Corrosion Resistances* of Zirconium and Titanium 
Metal Resistance 


litantun 


ellent to good rood below o 
nt excellent 
nl good below 10 
tai poor 
\eid nt scellent to good 
Rewvia excellent 
et Chlorine Gas poor excellent 
ine Water excellent 
ood below 9007 
(| ri | 
excellent 
seellent 
ellent 
wcellent 


DUSTRIAL CHEMICALS CO. 


99 Park Avenue, New York 16.N Y 


234 JOURNAL OF METALS, FEBRUARY 1957 


| 
af 
rae. 
; 
j 
hie iu Wi new A~htal i 
ercia sidition to it Atom 
i ‘ et ‘ i ‘ 
! has been ava et nds per year 
‘ ty titan ra tt over twice 
tit | oh tons of titan the price of st andl at expected 
Tere ‘ ene ont mats that n the future ed ent wall 
| 
Vir the 
" the rit 
\ | 
\\ 
TEC HIN A EVELOPMENTS 
| 
/ \ { 
{ 
A «ae nium copper alloy i 
\ 
\| 
No.1193 
Titanium wire cloth \ thet tat Literature reference 
the kditer, USA. Che al Ne 9) Park Ave., N. Y. 16, N. ¥ 
N 1197 
US.1. SALES OFF ES 
At Raltia * Bos * . } 190 * Cincinnat 
A ‘ oem neat e * New Jrieans 
New York © Pt jelphia * Pittsburgh * Portland, Ore. * St. Louis 
ke ty o * Seattle 


for accurate analytic resu/ts 
use precision equipment 


Leitz DILATOMETER 


for accurate metal analysis 


Researchers consider dilatometric analysis the most sen 
sitive and reliable method for precise determination of 
the expansior ) r of metals, alloys, et The 
DILATOMETER records volume changes in relation to its 

temperature solute curve), yielding data from 


coefficient may be determined 


METALLUX piicroscope 
for easier, quicker metallography 


Metallography is easier with the METALLUX unob 
Structed upright stage, inclined eyepreces, unique quin 
tuple nosepiece, builtin light and low position controls 
for relaxed operation. Accessory equipment available 


for phase contrast, material testing and photography 


Leitz K PM microscope 
for precise coal petrography 


Engineered specifically for coal petrographic investiga 
tion, including examination by polarized or ordinary 
light. quantitative analysis and microscopic measure 
ment Fusaim ana ysis read: y accomplis ed by coal 
slide-comparison eyepiece with revolving disc 
oeres 


LEITZ, INC., Dept. 
468 Fourth Ave., New York 16, N.Y. 


r 


Please send me additional information on the 


DILATOMETER METALLUX 


Leirz, tinc., 468 FOURTH AVENUE, NEW YORK 16, N. Y. 
Distributors of the world-famous products of Ernst Leitz, Wetziar, Germany 
LENSES + CAMERAS + MICROSCOPES + BINOCULARS 


FEBRUARY 1957, JOURNAL OF METALS—-235 


© 
~ a 
“/ 
4 
4/ 
J - ~ 
iz 
| 
we = 
: 
‘ 
> 
ae 
a Aa’ 
4 Pin Name —___ — 


Upstream! 


Most people watching a salmon swim upstream and outstanding corrosion resistance are available 
wonder how he does it. Seems like a lot of exertion from T.M.C.A. in all mill forms and in a full 


to move from one wet spot to another. To the range of sizes and gages sheet, bar, billet, extru- 


salmon, though, the compulsive drive upstream sions, tubing and wire. Special heat-treated sheet 


cannot be denied of very close gage and flatness tolerances 1s in 


The titanium industry also has been fighting up production for advanced aircraft and missiles. 


if A succession of pro 
Further expansions of sponge production and 


netallure ite all uve 
met ical watert have metal finishing facilities at T.M.C.A. are bringing 


langerous hydrogen whirl 
titanium within reach of an ever-expanding market 


hirted he industry has now 
; Technical information and specialized engineering 
w hate endwat ‘ ulls 
h Iw to services are for solving those applications 
with other structt ctals 
mm Olnes ictural metal having a strength, weight or corrosion challenge 


vh streneth, light weight 


. . » FIRST IN 


TITANIUM METALS CORPORATION OF AMERICA, 233 Broadway, New York 7, N.Y. 


JOURNAL OF METALS, FEBRUARY 1957 


WAY 
"Sh 
oust 
4 
“i A 
a “ A 
4 
‘ tream these pa 
esstully 
1 tl by the 
bit nalos 0 


GROVER J. HOLT 


1957 AIME President, “Juru the Page 


FEBRUARY 1957, JOURNAL OF METALS 237 


ora Profile of Grover 
|. 
3 


JOURNAL OF METALS. FEBRUARY 1957 


( YHOVEI bic)! P ‘ N thwood 
JInp 4 n 1916 
f ‘ ‘ wit? ‘ ‘ { neru 
artis t Ke Idal 
: PAL eal ( er ent ind ha made 
the | ‘ oor } area rie Here activitie 
‘ i the fu ‘ by f mn the area itlor 
‘ eure? ‘ ‘ 
‘ his ‘ ‘ ‘ thie 1930 and duri 
‘ ‘ at? ‘ ‘ ‘ ve 
| G40) i he a 1} f flout tier i silicon 1 tia 
‘ thye f th} LIMI ‘ that pe od 
Tor rie thie j biy ine thre il} | fon not 
bie int } +} f Holt ha t or pioneered 
rie ‘ ‘ ‘ ‘ | ! | te 
te that perl est 1} lifference between the ded 
‘ tte Ke thie rene ist ba 
thi thas ith arith: thie P i It +} ‘ Heolt 
‘ I} ‘ } ang +} \t on the 
j | 
the | on ts } ‘ ip to treat Minnesota and 
| ‘ ‘ 
| ‘ ‘ ane thy j j } ene ‘ ect ! ‘ and 
' 
t} tial eat th ‘ ‘ G; ‘ Halt } il itstandi ecord 
| t thie rhe new) the Tew | Ke out at 
‘ thie | | ‘ at W | W i I] rie le i ‘ ‘ 
ne ‘ ‘ f inte ediate e beneficiation: hea 
aul ? thye il ‘ i ‘ ‘ ‘ cor 
| ‘ thve bu | ‘ iborato to tackle 
Te 
j +) 
the ' i ew patter which he 
ne et f ‘ ‘ et the ‘ f the tat t nd strength of 
hie Institute hit ty t f the future taund AIMI od 
233 


A. Perkins and W. O Binder 


IMPROVING HOT-DUCTILITY OF 310 STAINLESS 


ation Hot cracking 


hreakdow n rolling 


of manwut 
rach 


for working ngot 


nq 
It nas been parte ularly 


hot-torming operation 


ve ld and heat athec ted ones oO 


f welded heavy sect 


the 


reduced yields and economu tfromth 


nl 
ar mportant need tor tand ng ot tactor eontrol 


racking te idence 


In Single Phase Structures 


nore trouble 


in Duplex Structures 
Hot-shortne 


Research Metallurgist 
Product and 


R A PERKINS and W O BINDER are 
and Assistant Manager 
respectively Electro Metallurgical Co 
Carbon Corp, Niagara Falls, NY 
Stee! Conterenc 


Metals Research Laboratories 
Process Development Dept 

Div of Union Carbide and 
the Electric Furnace 


Paper was presente d at 


Chicago December 1956 


FEBRUARY 1957, JOURNAL OF METALS 


Linder ome cond acture. austenite fainie eel ert = 
ha hee n obser ed 
a tenden j onot 
} if fube-prercing “a 
ned ng ied 
troublesorve 
ar d other 
Pere 
thre 
| 
| 
| 
| ta 
tad tor ture ‘ tee! Phe importance of the ameou i 
Ww ots t ater empera 
Hot cual hot hort behavior ha 
rit Hlenke Small amounts of! 
t from contamination with ich tramp eremet 
thor rn tt Cust na network ¢ ! 
on cove 1} af pa 
hot hortne can be ivoided | | i 
trouble 
e more difficult to detect and ove 
that which occurs in single eel 
ociated tuple it iit of } le ead poture 
a derable ittentior nd met tien tcan be overcome | ‘ ry 
eture Th nomted « it the leet mental are thi ent ele f wu er) 
t need | ter ‘ but 
‘ Post Schoffstall Beauve and methods for cor ‘ ore ‘ 
tieul 
mad Om pe balun ‘ ed Meltit p tice nad da pa 
billet yield mn hot-workll type and J16 ain cont mal of the meta 
« beleved t contribute 1 hot ! trie i 
effect Oo erackit te ‘ hii ‘ 
torr ‘ 4 ited tube 
on content Nowe mid 


Fig | SILICON Hot ductility of steels increased gradually with 
imcreasing silicon content Although a considerable scatter in re 
sults was observed, the trend was clear Changes in reduction of 
area paralleled changes in elongation, samples with high elongation 
values generally pulled to a point, showing better than 99 pct re 
luction Low ductility samples contained numerous checks and 
fissures over the entire gage length Ferrite was not detected in 
either the cast of wrought structure in steels containing up to 1.73 
pet Si 

Type and relative distribution of the inclusions changed markedly 
with increasing silicon, as shown at the left These are pictured 
above A, idiomorphic crystals of Chromite, which tended to se gre 
gate in small clusters, X500 B, Siliceous Chromite, noted by in 
creased transparency and loss of sharp angular form, X2000; C 
Cloudy Silicate which «s spherical X2000, and D, the familiar 
Glassy Silicate, X2000 Increasing silicon from 01 to 02 pet resi 
dual, reduced the total oxygen content, but additional silicon had 
little effect Hot ductility could not be correlated with oxygen 


onte 


Experimental Procedure 


Present Study Shows Effects of Additions of 


Deoxidizing Elements 


240. JOURNAL OF METALS. FEBRUARY 


j 
be 
A 
7 
i 
‘ 
(mnt 
% 
and pourit practice chen if COMpo 
beat ork is nad test cedure vere 
od at experimet! hat ob 
, ‘ ‘ leat could be ‘ ted direct] to the de 
lation addition fwelve-pound heats, having 
j O04 et OOL pet pet P. and 
! ftuction-melted Vithout 
‘ anil A ‘ f ‘ tudied Cothve pecial leoxidation 
‘ ten ese i imma ed in Table I vere added 
if i til j il this) lirect ter icible immediate before the heat 
tend | ( ere ed \ heat vere poured into cold, 2 
terpretat fv t | st ( f eal hot-twist nd hot-tensile 
il hh fer P | this } enience f providit the 
‘ bie | led t failure were t en us measure ot 
‘ t luctilit rmiple vere |} pared trom hot 
‘ i ‘ i ‘ Su | ‘ 
rrie cl ‘ ! ‘ | thie ‘ ecimer cehined d eat the 
me owe this ht met 
| 95) 


Al MANGANE St 
n steels containing 05 to 06 pect Si Hot 


from nil to 5.84 pct was investigated | 
pct elongation at nil Ma to 85 pct at 52 


content from a minimum of 25 
§ 70 pct at 2400°F Fernte was not detects d in any of the 
had no significant effect on total oxygen content of 


Fig 2 MANGANESE Behavior of manganese 
ductility increased gradually with increasing manganes¢ 
pct Mn. Addition of 4.25 pct Mn resulted in an average 


The micrograph shows inclusions at 477 pct Mn 


elongation 


steels X250. Manganese 


the steels 


f about 07 pct produced a significant change in hot ductility and altered 


Fig 3—-VANADIUM Addition of vanadium in excess 0 
the wrought bar, and its first appearance coincided 


was observed in both the ingot structure and in 
composition, a different type of ine lusion appeare d 
yn the left at X2000, and the mu rograph at right 
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chromium This Vanadium Chromite is shown 
im oxygen content with vanadium addition 
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ALUMINUM § Effect of aluminum on hot ductility 
rang ‘ mposition Aluminum contents im excess 
was observed with the appearance of ferrite However. above | 2 pet Al 


shown above left. at X2000 These showed a str yng tt ndency to gr 


ns were mainly of the alumina type 
normal 


right, which has 049 pet Al at X100 Above 010 pct residual Al 
to less than OO! pet 


total oxygen was reduced from the 


* 70 pct elongation exssted 005 to 008 pct Ti and 030 to 047 pet Ti 


TITANIUM Two ranges tor optimum ductility 
m the lower of the two ranges Ferrite was observed above 3 


Fig 
The best combination of ductility and ch anliness was provided 
ast and wrought samples Titanium altered the types of 


abundant with increasing Ti content in both 
to cloudy silicates, but with precipitated 


pet Ti and becam 
clussons tormed. as shown abow Picture A shows a duplex silicate ilmenite, semilar 
mectlusions replaced the siliceous 


than chromite, X2000 Above 008 pet Ti, ilmenite (8B) and titanium nitride 
shown in E (022 pet Ti, X250 In nitride tre 
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Fig 6 ZIRCONIUM Three zirconium 


alloys were used, as noted in Table | , 

these did not significantly alter the r i ‘ 
sults in the range tested It can be seen F 

that changes in hot ductility comcided 


with the occurrence of oxide inclusions 
most likely SiO. ZrO shown in A at 
X2000. and the nitride inclusions, shown 
in B at X2000 Ductility decrease d as 
ferrite appeared. The oxides showed a 


ST@UC TURE 


of ‘ 


slight tendency to segregate into small 
clusters, as shown in C with 004 pct Zr 


at X250. and the nitrides had a marked g 
tendency to segregate into large clusters 
shown in D with 0.41 pct Zr at X250 At _ ‘ be 
0.025 pct residual Zr (0.10 pet d 
oxygen content was reduced to a 001 to } " 
0.03 pct level 3 

) 2 3 a 7 D 


Table | Deoxrdation Additions Table I1 Hot Ductility of Cast Versus Hot Worked Metal 


Method of blengation in Te 
dizer Alles Particle Size Addition Deoxidizers, Bet at Pet 
Heat Itet 
No Me As Cast Vorked 
Table Il. Summary of Results 
Nange for pet 
tiengation at Major Type fbistributior 
oxidizer Pet Residual of tnelusion of tnclusten structure 
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Fig 7-—CERIUM (RARE EARTHS Two rare earth alloys were used 
each containing about 50 pct Ce Silicon content was somewhat 
lower (02 to 05 pet) than in the other samples, but manganese was 
the same 5 pet As can be seen, an upper limit for optimum 
ductility was not established No trace of ternte was detected in 
any of the samples. Cerium significantly increased the amount of 


glassy silicates, these were present throughout the range tested 


An unidentified oxide, shown in A at X1500, appeared and segre 
gated in large clusters, as shown in C, while the glassy silicates 
were randomly distributed, as shown in B, both micrographs taken 
with 006 pet Ce at X100 Sulfur content was 0.020 to 0025 pct 
compared with the normal 0005 to 0015 pet range, and trace 
sulfide inclusions were detected) They did not change in appear 
ance with one reasing Cerium A residual of 00) pct Ce reduced 
»xygen to the 001 to 003 pct level; but no further reduction was 


noted with increasing cerium content 
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Fig. 8—-CALCIUM: Due to its high vapor pressure and reactivity at relatively 
low temperatures, calcium must be added to steel with a carrier element to 
be effective as a deoxidizer Silicon is the most commonly used carrer Cal ai HROMITE 
cium was added to the steel in the form of Ca Si alloy, a frequently used de 
oxidizer It was not possible to add increased amounts of calcium and hold 
silicon constant at the desired 05 pct level due to the relatively high silicon 
content of this alloy Consequently, the relative effect of calcium was de 
termined by the addition of calcium im a narrow range to steels of widely 
different silicon content. The data obtained then was compared with that ob 
tained from steels of the same silicon content but without the calcium addi 
tion. Since calcium has a very low solubility in steel, no attempt was made to 
analyze for the trace amounts which might be retained. Hot ductility for a 
given silicon content was considerably higher in steels treated with calcium 
than in untreated steels Better than 70 pct elongation was observed in steels 
with as little as 05 pct Si and an average elongation of better than 100 pct 
was obtained at 08 to 1.0 pct Si when 01 to 02 pet Ca was added as Ca Si 
Delta ferrite was not detected in any of the steels. Although calcium did not 
promote any new deoxidation products, glassy silicates were found at much 
lower silicon content when calcium was added (compare with Fig | As 


shown above, all inclusions were randomly distributed) A-—O45 pet Si, no 
calcium, B—099 pct Si, no calcium; and C—049 pct Si, with 0.10 pet Ca 
all at X500 Calcwm silicon additions reduced oxygen content to a much 


lower level than that obtained with silicon alone 
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Sponge Iron in Electric Arc Furnaces 


When reducing iron ores at temperatures below their 
melting point, the end product will be a porous mass of more or 
less completely reduced iron; this product is called sponge iron. 

Sweden utilizes a greater tonnage of sponge iron than 
any other country at the present time. This report deals with 
Swedish experience and technique in the use of sponge iron 
in electric arc furnaces. 
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Chicago, December 1956 
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Properties 


Table | Cost of Producing Wiberg Sodertors Sponge tron 
According t Swedish Practice and American Prices 


Per Ton of Spongs 
sith Pet Be 
(puantit 


Melting of Sponge Iron 
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t eit ( if the i! ie! rie ive } } wid. extra lime 
‘ ! ‘ ided othe ar ath the ‘ mall 
‘ ‘ ‘ f ite The FeO content of tl isua pel 
‘ ‘ ot tre nad ii? 
‘ ‘ ‘ ‘ ! ‘ iven 
e capacit 
i ip 
big 
ry le your or ele rode 
ered ‘ tubie 
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Fig. 2—At this Wiberg Sodertors plant in Sweden some 30,000 tons of sponge iron is produced annually in the shaft furnace 
shown at right. The coke carburetor, at left, furnishes the reducing gas 
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Hard metals are essentially intermetallic compounds 
But 


The most basic 
crystals 


But instead of single crystals, sintered material must be 
used at present 
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Our theoretical explanation of the atomic bonding tn 
hard metals ss still in an embryonic form What can 
be done to improve this situation? 
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eat theoretical significance It mportant not to technique have been devised fe the dete raat aa 
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Advances on Steel Technology in 1955” by 
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the United Nations mic Come n for Europe in Geneva, Switzerland, 1956 


Steel industries of several western European 
countries Netherlands, France, the United 
Kingdom, Belgium, and Sweden—as well as 
the United States and the High Authority of 
the Luropean Coal and Steel Community, have 
for some years been taking part in a general 
research project on the properties of flames 
used in industry. under the aegis of the Inter 
national Committee on Flame Research, at an 
experimental research station at) [pmuiden, 
Netherlands. The results of the work are pub 
lished as research proceeds, but itis only in the 
last two years, and especially in 1955, that the 
first efleets of this work on the productivity of 
the steel industry have begun to appear 
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Zaliot OV al tlie ise of tearm trie the utule listribution in the a Uptake ) 
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the radiation at the end unchanged perature ot the thie furnace Viuel 
i up} ha a re ara neu anste propre aise fa cen made Ih Conmnlinuou ‘ 
lone, all better than stean But in the open continuous sampling of smoke with a view to com a 
hearth furnace anothe factor intervenes the ex bustion control, Finally, there are the numerou = 
t t of 1 
ent of the fame educing properts with respect measurement ot he radiation produced | thie a ia 
to the charge Phu n tests carried out in a French flame in an open-hearth furnace under different <a 
teelwork an increase of about 30 pect in radia WOrkKI! condition these measurements have been Tos 
tion the flame Via observed vhen chan in British French and Netherland Leel 
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paper describes heat treatment studies of forged 
mpressor wheels carned out to determine whether wheels 


rejected due to low ductility could be salvaged by heat 


treatmen Adequate improvement in ductility was devel 
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titauntum-alloy compressor wheels are le th four test speci 
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Fig. 1—Results of heat treatment 
of alloy Ti-140A, showing parti 
cles ina motrix. Treatment in 
cludes equilibration anneal, fur 
nace cool, and stabilization anneal 
in vacuum. Etched in 1'> pct HF 
3') pet HNO., solution X500 


Fig 2—Results of heat treatment 
of alloy RC-130B, showing large 
interwoven needles in a matrix 
of Specimen was given an 
equilibration anneal, furnace cool 
and stabilization anneal in vacuum 
Etched in pct HF, 3') pet 
HNO. 1.0 solution X500 


Fig. 3—Unidentitied phase at the 
prior grain boundaries of arr 
treated Ti 140A alloy, after ex 
posure for 200 hr at B00°F. Etched 
in pet HF, 3') pet HNO 
HO solution X500 


frogen content on 


nvestigated 


properties of Ti-1l140A 


Materials for Studies: Two reyected compressor wheels, 
one of Ti-140A alloy and one of RC-130B alloy 
The hemical mMpost ) f these wheel ure 
vheel was quite 
4 pct Mn compositior 
n content. The 140A 
nominal 2 pet Fe 


had 


i 


Table |. Analyses and Tensile Properties of Forged Titanium Alloy 


Material 


Material 


Compressor Wheels 


Chemical Composition Wt Pet 


" Mo te 


thimate Ke 

Tensile Flengation duction 

Strength Strength Vetin in Area 
ei it Vet 
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Cay 
/ / me 
4 4 | 
/, 
j 
~ 
Ux 
t 
! 
‘ hee 016 0 006 
Mo-2 pet Cr composition, Hl a high hydrogen con He Pet oe 
tent The ter le p operth of the forged and tat a.” 
ed whee is measured using tangential test speci — es 
mer eut from the whee rim. are alse how! ' vain 
Table I Ti-140A 
The compressor wheels were forged from re On 
liam billet ising one blocking and one finist 146 20K “ af 
ture and ipsequently tal by annealing {or perature nigh in the held While the 
24 } it 1200 F. Metalle iphic examination ind wheel was forged in the all-f@ field. The acicular « Bp a 
ited that thrive whee W a ed nt a tery configuration if iit f i Coon! from the 


d to 0.04 
pet pe 
rval 
1600 


li-140A wheel and 1690 F for 


Heat treatment gives information on variables 


treatment prot 


Table Il Heat Treatments, Avg Tensile Properties, and Hydrogen Content of Forged Titanium Wheels 


Heat Treatment 


Annealing stabilizing 
Final 
Time Temp Intermediate Time Temp ( ooling 
Atmosphere Heating Mate itr (eoling Rate itr Nate 


140A Wheel 


RC 1308 Wheel 
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i > 
ently the ise of the A pet per pa RC-130B material was rolle 
the he OM whee it 1500 i eductior f about | 
Phi ect the fe ed whe Vas cut The neet was cut int mall 
t nt ent t rr vir n. for the tion annealed in air for » to 1 hr at 25°F 
t-treatment studs Additional | were cut between 1450° and 1675 F for Ti-140A, ar 
from the web section of the Ti-140A wheel for us¢ and 1750°F for RC-130B. At the end of the saiution 
thi ty test f the nneal, the ample were rapidly quenched in wate! 
: tror more du « than mate il from the ind examined metallographically for evidence of 
hiflerencs nthe {fo ‘ intrans! med (equi ibrium) 
fuct t the 1? ‘ ‘ or of the whoel The temperature of the 8B trar is of the whee 
as determined by these tests, were 1650°F for th 
Beta transus first determined DT the RC 130B wheel 
heat-treatment program could be de 
| f mate from the whee ections cut from the A heat-___EEram was designed to give 
ectior { thie Vere hot olled te heat niormation on a number variable A complete 
ry thie Ht field f th purpose ri-140A mate il lescription of the heat treatments, alor with tensile 
| vas rolled to 0.10 in. at 1450°F, using reductions o! esults and hydrogen content hown in Table I] 
on Vat 
i Vast i 
Vater q 
‘ ‘ Vit ‘ 
i ‘ 
‘ ‘ ‘ 
‘ ; ‘ A 
“ > ‘ 
4 ; ‘ ‘ 4 Vith f 
256 — 
| 


Tangential test | easurll xima 
! ion it 1 the 
f the whee { heat treat cate 7 
u ap} matel 120 i} vere 
Duplicate Rt {0B bars were ed 
Vacuum heat treatment vere onducted 
electrica heated tube furnace Continuou | 
ainta Vacuul of thar Heat 
ment n air were conducted in n flle-t « 
furnace with no attempt to contre the atm« 
Scaling in these treatments was negligible 
Ti-140A Results: Ar the al eq 
treatment below the beta tra follows 
wate juench wa cluded 1 vy etlect 
creased anneain time and temperature i! 
fea. Increasi innealil tempe ture on 
educed the ductilit yuenched naica 
ve lution of Increasu int iin 
! ir Dut te marked ettect 
Table Il. (Continued 
Tensile Properties 
Pet 
Itimate Offset 
Tensile Vield bFlongation Keduction 
Strength Strength Petin in Area 
si ixDiam 
; 
4 
‘ ‘ 
; ) 
‘ 
; ‘ ‘ 
; 
‘ 
; 
; 
; ‘ 
‘ 
‘ 
; ; 
J 
J 
‘ 
‘ 
“4 
i4 
; 
; 
42 ’ 
10.9 
i4 
’ ; 
2 
; 


Hydrogen 
Wt Pet 


the equilit tion anne helow the beta tra i 
iture i 1a tal ! treat i 
ibl | ement fuctilit esulted 
true th f Vii i nad a heat treatment 
tvpe treat ent] ed the deve 
t equ i! list put n of fairl cours 
irticle na mat \ tvpical example of th 
n | | The heat-treated struc 
e did not dith imppres il ! ! thre i received 
wture The ‘ ilt of heat Ure | 
it ! furnace ! tal ition Wa 
cre ‘ n i i 1 mad i 
oach t equ t i ( | tional relat nahi 
Increasu equilibration annealin temperature 
ilted i proved ductilit lov the beta 
i! i Vii not exceeded nereasil equi 
ition ante iil Lire tend | to lowe tensile 
ictilit htlv. Increased time during vacuum an 
lis also resulted in lower hydrogen content 
hich, a vill be hown late a most desirable 
lect 
Vacuum treatments resulted in inerea ed ductility 
compared vith air treatment On the busi of 
! e properti ilone vacuum treatment would 
ot be equired nee the i heat treatment ral ed 
heel toy the acceptance 
Variation othe ntermediate coolit uct 
i ise of a ve ow tep cool 0 i relat el rapid 
irnace quench re ilted ! ‘ cle rable tensile 
opertie than tl obtained when ustt con 
olled furnace cool rate of 2 | per mil 
lwo of the four heat tre itment nvolvil min 
tial anneal treatment in the # field ilted in 
my oved properti ove thie i ed condition 
but yore ble than the equilit ition 
prt heat tre itment 1} effect Vil ot ibls to 
formation of an aciculat cont ination vhict in 
herentl le ductile than th tructure illu trated 
n k 1 The other two heat treatment esulted u 
lo in ductilit hie aximu provement 
fluctilit esulted tre 1 1 thr equill tion at 
eal about 100°F below the bet transu lowl 
( (2 F pe min) ?t out md stabil i 
1200 
RC-130B Results: As in the case of Ti-140A, tt 
maximun mprovement mn duetilit ‘ ilted 
thie equ if To 4 tial il 
eceived structure juetility of RC-130B afte bie 
treatment wa ‘ than that me 
ke explanat that n the RC-130B whee 
hich had been f 1 in th field. ar eu 
ri irut i ! na A 
edt il ‘ ‘ t heat tre \ | 
‘ iN 1] truct i 
terwoven « needle matrix of hown ink 
ture inal Mit lerat a 
tile thar ! j tructure ict 
how! rn | 
Heat treatment i; ned te how the effect 
the ¢ ite between equilit tier 
tabilization indicated n the case of Ti-14 
that an optimur te ted mila 
pti ! rm ted t test 
an heat treated idet except fe 
tal fhon tire 
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te! 
ectiol 
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ectri 
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ut 

rabl 

auton 

| 
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Fig. 5—-Ti_ 140A containing 0.1310 wt pct H; dark phase be 


lieved to be hydride Etched as in Fig. | 500 


Table II) Thermal Stability Test Conditions 


Applied 


Stress, Psi 


Fig i Effect 
te 


vere machined to final dimen 
before 
Thermal Stability determined by tensile loss 


x I The mall amount of cal 
formed during th \ 


Wi removed by hand poli h 


paper 
Ti- 140A Results: The 
ped wt 
dia 
furnace coo 


1200 heat 


Is Was | to expose the 350 F t 
of hyde gen on the 
rial from the Ti 140A compy 


est peci 
tensile properties of ma 


ssor wheel 


tabill 


I f thermal 
HOO F wet! 


ure how! 
\ creep-te ‘ ample and ample 


Table 1V_ Thermal Stability of Heat Treated Material From Both Compressor Wheels 


ret 
t timate Tensile 


Vield blongation Keduction in 
Strength. Psi strength. Psi VPetin Area, Pet 
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~ 
; Test No temp. Time, Ur 
/ 
A 
‘ y Jone 
vheel is determined by measuring the lo in thermal smitty of material 
thie ted in Table Ill hie 1) equilibrated 4 hr at 
tand Han ter le pecimel! were 15 1200 F and tabilized | 
ised Te test tooo unede tre tandard 0.250 hr at treated in air; 2) same a ibove 
' ! Iiiit ecumer vere used fe inst ed test but heat treated in vacuur These heat treatment 
O Theat educed slight! esulted in maximum improvements in ductilit 
‘ ‘ 1) wane j i fi ferent if tability test on the 
tre mies exposed at 600 ind Table Both a 
culati i pot furnace heat treated in an 
Heat Treatment and 
Test endition 
7.9 
‘ ‘ 
14 
y 


rittlement at 600° and 8UU 0.005 ipm 


The vacuum 
re ductile 
ly a slight tendency 

improved stability 
aarentlh fue to 
to accelerate the 
atment slightly in 
d instability, possibly be Results of notched ter 


toward 


K ip during heat treatment ts conducted at room 


arried out at 600 F under 50,000 lab \ 
ably from those otf almost pre ‘ 
Measu! Stre rupture 

ed samples bet properti with incre: 

within the limit ample Kcept those 

ttl nan r under a low applied 


content 


ontaining 0.0040 wt pet il 


10 plastic strain o¢ failed in a bi 
curred during it appears that the or upon loadin 
application of uring ex has little effect Metallographic examination 
in thermal-stability ting ul a measurable third phase in the microstructure of sample con 
plastic strain is produced taining 0.0850 and 0.1410 w H. The amount of 


Metallographi examinatior 


howed evidence ol 


-received and thi pha ‘ hvdroven content None 


t 800 F of thi i ‘ yund in the a 
these ample howed definite indica 
{ 


ample atte ure a received material 
e distributed fairly exten ively in ve i n 
hydrogen embrittlement in mechanical te 
hydroven contents 1 


nowed 
the mic! ti l An example of thi phase 1 tion 

phase wa confined chiefly to The lo of ductility at lowe 
and appeared to form evidently promoted by orm 
pre mechanism. The third phase obser, 


hown 
rain boundarw type f straim-aging 


8 interface. None of this phase v 
i1um-annealed material. Tensile fracture 
containing thi yh occurred 
boundaries. Some Table V. Effect of Hydrogen on Notched Tensile and Stress 
Rupture Properties of the Ti 140A Compressor Wheel 


Nia the micro 


long the 

thi pha Wi | the ample ( 
600 F, but, in thi i was not repro 
repeated polishing and etching. Whethe 


a prod ict of decompos! Property 


Hydrogen Content, Wt Pet 
oon 


effect could not be 


jetermined 


RC-130B Results: ¢ ial was con 
With materi ‘ follow 1) 


a 


cooled to 
Heat treated 
furnace 
1200 F. Heat 


ind 
2) 


icture after 
thin 


mo 


pet 


difference 


Hydrogen-tolerance level is 0.004 pct 


eeveral ( were carried ou 


0040 wt pet re 
al of the tendene 


Heat treatments caused appreciable improvement in 


tensile ductility of both Ti 140A and RC-130B forged 


compressor wheels 
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| 
howed extreme Phe remaining two specime 
ind moderate embrittl at oom temperature 
heat-treated sample we t apparatu a 
all of the test condition ts are plotted Oni 
toward embrittlement aterial (0.0040 wt pet H) ee 
tod ‘ Sty +) 
vacuum-treated wheel om temperature 
emoval of hydrogen, v ed relatively little variation bee 
instability reaction. Al 
creased the tendency ile test and tre rupture a 
cause of hydrogen pic temperature are shown 
Results of tests « eG 
: 
psi tre did not nyt 
tests carried out in 
men I page ier 
nd It 
al ( 
aul 
ent in 
in sample 
ranulal 
evidence 
po ed at 
tion. or a hvdrogen-induced etch 
Jotched te ‘ ert 
ed ‘ ipture ‘ 
Equilibrated 24 hr at 1000 F, fu ed str oor 
] y ipture e, be 
nm ull Equilibrated 4 hr at It on 
cooled and stabilized Rupture time, } 
fuct ‘ 
treated in vacuul These were the most beneficial nedu 
Specimens from the R the 1B wheel \ exposed 
only at 800) and 350 Ff Average re ilts of thermal ent Bie 
RC-130B } 
tu ty test 130K material are hown - 
i i i j 
| 
ible IN 
' tr testu occurred as a crazed pattern ae 
The tubiiit ill the material wa ood afte: 
ine ilar plate alone a-f interface 
exposure at #800 ana | pecause ol 
It mum pronounced nea thie inface of the 
the ow ! droven content of the a received wheel = 
and often appeatre Oo from a 
In this case, vacuum treatment did not result In a ' a 
‘ highly tressed region uch a the base of the kS 
noticeable rom air heat treatmen 
thread An ¢ imple of the tructure 1 hown in eta 
Ss Fig. 5. Although the new phase was believed to bi = 
determine the hydride, it was not possible to make Gehnit 
effect of relatively high hydrogen content of the lentification Pes 
ri-140A compressor wheel on properties Known t Ihe mount of hydrogen present the 
be sensitive to hydroge Four 0.25-11 lia od eceived Ti-140A compre whi ifficient te 
were prepared conta ! fine, equ od true nduce brittlen in low-strain application or ut Gh 
ture nd hyd en content f 0.0040, 0.0290 | low temperature Vacuum anneal which re Biya 
Five ter Ie pecimet were prepared from mate ilted in almost complete remoy a hoe 
i] at each hydrogen level and tested with a head toward embrittlement aienerer 
travel of 0.005 ipm at 212 10°, and 1 
4 
rhree notched tensile specimens, 1 oewith 
1 45 imferential notch havu i stre concen Of the heat treatments exa ned, that in whiet ies 
tration fact f thre« vere prepared from materia the terial Wa innealed it 1OO below tl 
teach ! jrogen level. One of these specime! Wiad transu ea the lion te 
tested in te! mn at room tempe ture with a head pe ture ind i short tabilizir treatment 
— 


Fig & Variation of tensile properties with the maximum Fig. 7--Variation of tensile properties with maximum tem 


perature reached during heat treatment of RC 1308, equilib 


temperature reached during heat treatment of Ti 140A 
1200°F rated. furnace cooled, and stabilized at 1200°F 


equilibrated, turnac voled and stabilized at 
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! 
t bene fic yuri t} treatment. the a trengtl the othe hand, decreased continuously, 
! init elativel mia though at a much lowes rate below the transu 
‘ cleat 1} thas ibove property observed cat 
i Hivhe heat treatment. at least the followu twe 
herve | iin that rm t oceu 1) a ere ‘ co 
| obal ted 1 thy tructure nd 2) ul ncreust the ae at 
thie truct the f attainment of equ briur t the tal ' toy 
f j vhich perature Dhue eactior id eud oO bo 
t ted heat treatment hile Ti-]40A lecreased ductilit ind strength. effect if whiel 
‘ ! i tient vacuum heat treat vould be much more evere when the heat treat 
teal ri hat ‘ fuctile ment nuted above the pf tral econd 
heat brut ht differences eaction would lead to increased ductility and ae 
tery ture tes ert ild mot ju creased strength, and would be most important be 
‘ rie a the it j 
| ‘ f the ten Phermal-stabilit howed that stal 
‘ ‘ ‘ er ontent | lenendent hvad er content Sample 
1} } } } ere complet by her containin 
‘ tent ! ‘ pre | f ‘ Ler | 00790 wt pet H showed alt t me nstat 1 atte 
‘ Ooo, Hi content pet) wuum heat treatment Th of } frover 
i ‘ rite tit chute ‘ ilso found ifficient to} mote wm-tempera 
f the titaniut hu erature nd exce on n 7 
t iv? pet) iuil rie | complete ‘ mit tio? of thie tendenct 
‘ ‘ hie ite 1 ¢ These ‘ ilt are in close eeme! vith hose ‘ 
| ( ent that cuum heat tre mer 
iit ly ‘ this it it ‘ ‘ nel teommne ture luct ind 
itu 
i} | i ir ‘ | ‘ 


Formation of Cracks in Soederberg Electrodes 


Used in Aluminum Reduction Plants 


Shrinkage and crack formation during baking of Soederberg anode paste for 
aluminum furnaces is discussed, and the authors demonstrate how this shrinkage 
may be reduced by applying suitable raw materials and paste compositions 


by Ove Sandberg, Leif Olsen, and Torgrim Eftestoel 


al contact Soederberg electrode for +06-— — 
aluminum furnaces more or le erious crack 
ire sometimes formed in the electrode, with harmful 
effect on furnace operation. The problem of crack yr 4 
formation has been studied on a laboratory scale to 
obtain a better understanding of this phenomenon 2 
he primary au f crack f rmatt nm is the S+a2 PLASTIC REGION IN EFFECTIVE 
hrinkage of the electrode carbon, which is opposed < ACTUAL ELECTRODE DIFFERENCE 
by the normal thermal expansion of the steel con- 
tact studs. The forces thu et up are active in the a 0 { a me Fy 
temperature interval from which the electrode ob “ 
tal a rigid structure (450° to 500 C) to furnace vy ‘ 
=. 2 
operational temperature (950 C). A visualization of 2 Q Fi yo 
our reasoning is given in F) l which show the 
x 
different behavior of mild steel and electrode carbon ‘ a 
-04 
during baking 
Research work performed to determine relation oie" 
hips between crack formation and shrinkage will i ; rl j | 
be deseribed A brief description of the method 200 400 600 800 1000 
developed for measurement of shrinkage will be TEMPERATURE °C 
en, as well as a critical anal) of this method Fig. 1|—Diagram showing different behavior upon heating of 
Also, raw material quality and paste composition Soederberg anode and mild steel. Numbers refer to |, curve 
showing shrinkage of electrode during baking; and 2, curve 


variable will be related to shrinkage phenomena 


showing dilatation of mild steel 


Laboratory Test of Crack Formation 


To test the tendenc toward crack formations of the past During bakin a crack may thus occur in 
Soederbe elect les from different pastes, expet the weaker part of the test electrode 
ment vere performed to mulate conditions of The electrode is baked by lowering the assembl 
actual commercial electrode and are described a lowly into an electric furnace, the temperature of 
follow Which is kept constant at 900 C. After baking of the 

A cylindrical test electrode is prepared by tamp electrode, the sheet iron casing is removed and the 
ing the electrode paste to be examined in a sheet electrode inspected for crach 
iron casin $550 mm diam by 700 mm height. The Phe pictures in Fig. 2 are of three different past 
casi perforated, with the holes (2 mm diam) 50 baked according to the present method, Electrode | 
mm apart, to facilitate the escape of latile matte has a large crack; electrode 2, 4 somewhat smallet 
during baking. A cylindrical steel stud of actual one, and electrode 4, only a minor erack. As will be 
ce mm diam, | welded eccentrically een from the mplihed leve anal ay ram of 
to the bottom steel plate, and protrude ip through Fig. 2, the compositions of the paste In question 

re ve! different. Thi ibject will be discussed 


O. SANDBERG is Chief and L. OLSEN and T. EFTESTOEL are later in greater detail 


Research Chemists, respectively, Research Laboratory, Fiskaa Verk, 
Elektrokemisk A/S, Oslo, Norway Crack Formation and Shrinkage Relationships 


TP 4363D. Manuscript, Mar 26, 1956 New Orleans Meeting It is well known that shrinkage occurs in coke 


oc 
February 195 nthe higher temperature range of coal carboniza 
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sections are trom crack tt 
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Table Il. Sieve Analyses of Dry Aggregate Coke for Test Pastes 
Effect of Granulometric Composition” 


Designed to Investigate 


Opening 
Cumulative Pet Retained? 


Vm 


of Dry Aggregate Coke for All Test Pastes 
Composition Have Not Been 


Sieve Analyse 


n m Granulometre 


Variats 
Investigated 


umulative 
Ketained 


ie 


Investigations of Shrinkage of Electrode hrink 
Raw Materials and Paste Compositional Variables 


Paste During Baking 


TRANSACTIONS AIME 


Description of the Method 
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9 
‘ | , tion of test specimens from a prebaked electrode 
ample and dilatometric measurement on 
0 \ ! j!0 pecimens. The test specimens are epared in the 
Y _— : following manner: Raw paste ts filled to a depth of 
\ z 110 mm in a perforated sheet on casing, 100 mn 
¢ \ ’ : \ = diam by 150 mm height. During baking, the paste 1 
: «a O2 . a | : } \ il. ept under a pre ine f about 0.4 kg pe q cm 
\ \ “ lbemperature tis raised from 20° to 500 C at a rate of 
> 0s > 1 C per min, and held at 500 C for 2 hr, after which 
- é tne furnace } cooled. ri «othe esulti carbon 
\ 
Ne \ 191° ( trie pecimen I nkave letermina 
lion are drilied out witl nd core d after 
j poth end ! e peen turned i the te ¢ ect 
led with a central hole irge enough 1 llow a 
otected thermocouple to protrude half way into it 
> then measured in the dilatomete an 
issembly of four of which hown in F \ ver 
A tical cut of one dilatomete« hown in Fi It 
: ee col ts of a vertical tube furnace n which the 
, , pecimen is placed between parts of fused ica. The 
iture ead by i thermocouple the hot 
inction being placed in the center of the speciall 
j prepared specimen 
AS The temperature | uised at i initlorm ute of 
( per min. The expansion or contraction of the 
test pecimen is transmitted | lca part to a 
v4 5 mictopape with a dial readable to mm The 
. ! t calibrated by measurement of a test 
fheient of 
cimet! 
Lal 
fferent fron 
! } nkave of the elec 
‘ bheret ‘ hiatometrie in 
le ‘The temperature inte il of 
file rest | est Vill te limited to tos 
‘ mii ‘ ‘ tional temype i 
i ieve Ne Opening, Mw 
those of electrode puste in commercial Operation 
vhere the time of bakin t least 100) time 
- reat The effect of prebaking time and tempera 
4 ‘ ture rise during measurement, therefore, had to be 
74 ' nvest ited in some detail 
Ki », dia im a, demonstrates the effect of pre 
ke eture | the coked time on esultil hrinkage a t 
ier er ore ed and measured curve 2, prebakin (ZT if 00 anda 
te for th curve 1, 24 hr prebaking time (186 } at 500 
e presented Relatior » diagram b, demonstrates the effect of variou 
‘ ‘ nd ‘ e clear] ipheat rat measurement. 6 present 
aa the picture ind the the effect of prolonged heati t 950 ipo! 
e diavran hrinkage. It is evident from the preceding that the 
to sl ‘ estipat ! ‘ the prepara elation between paste composition and shrinkage 


Fig. 3—Assembly of four dila 
tometers applied in the pres 
ent work 


been carried ¢ 


if binder quality and content, 


pecial emphasis on the dey 


Fig. 4—Simplified 
vertical cut of the 
dilatometer, showing 
important parts 
Numbers represent 
1, thermocouple; 2, 
fused silica disk; 3, 
test specimen 24 mm 


diam by 75 mm 
height; 4 and 5, 
fused silica tubes, 
6, steel disk; and 7, 
mic rogage 


A 


been and 


TRANSACTIONS AIME FEBRUARY 1957, JOURNAL OF METALS—-263 


} 
t 
i 
H 
systematic investigations have to 
calcining), and granulo (6) ‘a 
Investigations on raw materials and binder con B 
\ 
tent were carried out with a con tant granulometri ES 
tion of the test past lable I When Panu (5) 

ometric composition was varied, binder quality and = 
content were kept constant, a British coal tar pitch -(4) Me 

bei employed at a concentration of pet by 
hhh Lh hd = 
- for > 
veight \merican petroleum Coke Wa ised for dry a 
‘ te in the paste ae 
COKE i i itl 
Etlect of Kinder @ ality and jmount of Kinder 
Three different bindet a British coal tar tch 
nite f Barrett and a petroleun 
tcl were investigated. Difference in shrinkage 
vere withim the limit of experimental 
eontent was varied from 20 to 40 pe (3) 
} 
ht of the total } le without an emart 
ible effect) or ‘ ince binder content 1 
Kept vithin na y mn actual plant operation 
th ible is not cor dered nificant far a 
tior } are ¢ neerned } 
Degree of Cal ation of Coke Aggregate | 
eflect of ade ee of calcination of the coke apere ale | (2) 
} } yn in | Caleining depree } 
ed in ter of re densit and the figure 
jemonstrate cle; the marked effect of thi Via | 
} ink ‘ nere ‘ ivnificeanti with decre (1) 
In | 7, the curve e drawn for observatior Be 
| 
ip to L000 while othe eri the curve end | 
+ 950°C. TI demonstrate that cu ‘ 7 nd 4 1 "FIT 
i 
(and certal l and 2) exhibit, in the t era ae 
‘ ‘ rite 950 1000 C a marked opi 
te leon ecu e 5 has flattened out I} is the + 
effect of prolonged heati: 950 C on shrinkage 
\ | bye liscu ed lute or ‘ ite » ! 
te lee with } he ‘ ler fleet at (,ran ometriu Composition Vuriou = 
than the im ned heatinit raw petre ve ‘ pe i? ‘ hie 
eur e fractior (including maximum 
na 


500 600 700 60 90 300 600 700 800 900 


TEMPERATURE °C 


Fig 5 —Investigation of the conditions of measurement Di 


agram a covers variations in pre baking time up to 500°C 
Numbers refer to 1. 24 he prebaking time 18 he at 500°C 

and 2, 8 he prebaking time (2 hr at 500°C Diagram b 
shows results from variations in temperature rise during 
measurement Numbers represent ee » per min; and 4, 


1°C per min 


500 600 700 $00 900 S00 600 700 800 900 
TEMPERATURE °C 


Fig. 8—Effect on shrinkage of granulometric composition of 
the dry aggregate. (For sieve analyses, compare with Fig. 9 
Diagram a demonstrates effect of variations in amount of 
Tremp RISE " tine fractions; diagrams b and c, effect of variations in pro 
3 °C PER MIN portion of coarse fractions to medium fractions. In diagram 

‘ d, curve 10 is identical with curve 4 from diagram b, and 
curve 11 is identical with curve 8 from diagram c 


7 HOURS AT 950°C 


2 4 6 
TIME IN HOURS AT 950°C 


Fiq G& Effect of prolonged measurement at 950°C on 
shrinkage Upper curve (‘temperature abscissa) shows meas 
ured shrinkage up to 950°< while lower curve time ab 


scrussa) gives shrinkage at 950°C as a tunction of time 


Fig 7 Effect on 
shrinkage of calcimn 
ing de gree of dry 
aggregate coke 


Numbers represent 


30 7510 25 50 
CUMULATIVE % RETAINED 


real densities of 

1, 165 q per cu cm 
2, 1.81 q per cu cm 
3, 1 89g per cu cm 


4,195 per cu cm 
Fig. 9-—Simplified sieve analysis diagrams of test pastes ap 


pled for investigation of variations in granulometric compo 
sition. Diagram a demonstrates effect of variations in 
amount of tine fractions; diagrams b and c, effect of varia 


», 205 g per cu cm 


tions in proportion of coarse fractions to medium fractions 
500 600 700 80 900 1000 In diagram d, curve 10 is identical with curve 4 from diagram 
TEMPERATURE °C b. and curve 11 is identical with curve 8 from diagram « 
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DILATATION 


Discussion 
TEMPERATURE 


Precision of Shrinkage Measurement ‘Thi 
method is dependent on the preparatio Fig. 10—Shrinkage curves drawn for demonstration of shrink 
age mechanism. Numbers represent |, thermal expansion of 
coke; 2 through 4, pastes with decreasing amounts of coarser 
fractions, 5, mixture of milling product and binder, 6 theo 


retical shrinkage of anode, and 7, shrinkage of binder coke 


Critical Considerations of the Method 


ned coh 
cit ible 


Effect of Granulometric Composition 


1 is consi ed table 


s of Variations in Raw Materials 


Effect 


‘ at ‘ 


TRANSACTIONS AIME FEBRUARY 1957, JOURNAL OF METALS 


265 


=— 

Fig. 8, a through d, presents the shrinkage curve +04 

vVhile Fig. 9, a through d, gives the corresponding 
eve analyse vhich are also presented in Table I] oi 

Fig. 8a shows mainly the effect of variations in the +02 ae 
fine fraction. Fig. 8. b and « how eparately the 5 a 

effect of changing the ratio of coarse fraction to ; Bit 
medium fraction, with the fine fraction constant 0 ae 

Comparison of pastes of equal numbers in Fig. 8, | aa 

and ¢ Pive an indication of the effect of maximun 3 oe 

particle size on shrinkage, as all the former paste -02 oa 
have 5mm maximum size and all the latter 10 mn Res. 
maximun ky oad lve an idea of of 4 

mportance of large maximum size \ high ratio 04 e 
coarse to medium fraction 

For speculative reasons, which will be discussed - 

later, a4 measurement on a mixture of only tine trae -06 5 re 
tion Himmider has been performed. Results of thi a 

measurement are ven in Fi 10 (curve 5) to cy. 
ether with esult from three different paste 
(curve $3.2). a theoretical shrinkage curve (curve ie 
6) based or i calculated hrinkage curve for the eh: 

coked binder (curve 7), and the thermal expansion 10 a 
curve of dt gate coKe (curve 1) The nrink 
ave curve of the coked binde obtained b cal 

culating contraction from real densitse of binder ~12 
coke calcined to different temperature on 

The theoretical paste shrinkage curve tis computed 6 am 
i i column of paste composed of 50 pet 14 
i d 20 t oke, The dt 
a} re COKE ind « pe Dir er COR n \ 

re te coke i igned the normal thermal ex 

pansion (cu e 1) vhile the binder coke on heat 7 Bt. 

16 
' from 500 to 950 C follows curve 7 (both curve e1 

eferrin to total length of col imn) By algebra. s a 
iddition of thermal expansion of dry a regate 18 a 
coke and shrinkage of binder coke, the theoretical ae 

hrinkage calculated as shown in curve 6 a 

temperature distribution and measurement, this e» aa 

perimental procedure ( i high degree of pre ee 
cision that of the ce ee of eimation of the i 

pile hie Cul i } J 

parison of crack test ind shrinkage indicate that treated at 950 ¢ eache i maximum of 198 to 2.00 Bee 
tometruic rie a tool for poe euoen i coke of or highet 
ene cl th fie | ( formation in densitve inde ono turthe hroinkave durin 

id, 
actual furnace operatior ind shrinkage measure furnace operation nd the total shrink eo ma bn Be: 
ment or the electrode Ww puestior also correlate attributed to the } ' e of the binder coke Be 
vel] Coke of lows ‘ densit than 1.98% to 2.00 p mst 

The true magnitude of electrode nkKkape mn ue cucm will nthe electrode of an aluminum fur 

tu furnace operation not be obtained these nace hrink duru the to O50 Klectrode 
irement itior n prebatk ! tirne ten vith ich coke Nill contrit nrinkape > 
perature rise durir measurement ind prolonged which ma be far more evere than the hnrinkape woe 
heatin at 950 ¢ ndicate that higne nrint caused the binds coke alone 

alue hould be expected in furnace operation thar I} rit el } zed. as there must be a com yi 
found by these measurement Special attention promise between the f ‘ ble effect of low eal . 

directed to the fact that prolonged heatu it on elect le cor ptior and the it 
naste with varvil cle of calcination of the in ranulometriue cor niroduce comple 
i ‘ te coke component. In ich Case aborato th nee it not po ble t i one fraction with “eal 
mea irement } Iso nelude prolor he it the othe } or with t) rese! 
! t 950 ( \s a means of comy ! ‘ tive ter ti } weve there ee! to be i definite trend “ee 
this fa eva nm product): 2) de 
of variations in raw materia partich ize) to medium fraction 2 to 02 
| 


ym and binder 


to the theor 


duced 


Mechanism of Shrinkage 


‘ 
‘ 


Summary of Results 


mon betwee! crack 


soederbet! 


Discussion 


Equilibrium Between Titanium Metal, 
| Titanium Dichloride, and Titanium Trichloride In 


Molten Sodium Chloride-Strontium Chloride Melts 


The equilibrium which exists between titanium metal, Ti , and Ti in fused sodium 
chloride strontium chloride baths has been determined. The effects of total titanium con 
centration, temperature, and the ratio of strontium to sodium chloride have been studied 
In order to conduct the investigation a method for determining Ti was developed 


S Mellare and W Opie 


> MELLGREN and W. OPIE. Members AIME, are associated with 
the Research Laboratory, Titanium Division, National Lead Co 
South Amboy, N J 


TP 4258D Manuscript, Nov 29, 1955. New Orleans Meeting 
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) 1%) d ‘ i> j zu f coarse The paste mixture of fine fracti ii 7 curve 
tte thus ‘ f ble (curve 5) in Fi 10 comes closest tical 
{ os the { inced effect irve 6 nd it juite evident that shrinkage tend 
While che eusit nt of fine fraction has to decrease with Increasing amount coarse par- 
fs bile effort thie } nk ‘ of eederbet! ticle ri tive pa te 
elect rT thy } } int of th fraction wil If. however. a dry avere ite coke is used which 
byes wie ‘ mn? ‘ equ ‘ 1 fle Ope tselfl will vith proionged neat tre tment in 
tie nthe fingl : te charved to the anode the furnace. the aggregate reinforcement action will 
te further considered othe trie red The formation and 
‘ ‘ ‘ } i ‘ le } nkave f the Soederberg electrode during bak- 
ries aif ted of tne iri} } been established b laboratory experiment 
hon that the entire rine e of the binde CORE | Laborato experiment point to the fact that 
transmitted to the electrode electrode hrinkage during bakin may be mini- 
! t seen that the d ivpregate cts a . mized t electing a litable granulometric com- 
einl ent othe electrode counteract the position of the coke i evate component the 
nkage of the binder coke. TI einforcement be CEE past 
‘ quite thie thie cont ‘ of ce ‘ 
es) t 157 
f et mn contained in the na, t probat ‘ L oF 
three ¢ ‘ t ofthe a ite irticle 4 
N equilibrius tate of importance in the pros titanium concentration of the solution, temperature 
‘ eloot tir tital j fro md the tion of! trontiur ct rice ind dium 
: fused cl le electrolyte that which exists be chloride in the lution 
j at tits i ma 
Procedure 
titanium trichloride. This can be expressed | ‘ 
, Thi eneral procedure used con ted of the fo 
how te} 
1 if iit | 
1) Development of an anal tical method io 
letermini | and total titaniun 
rie 
t the q t of 2 Preparation of batene of fused iit solution 
nfainit i ou umount of total titar iy | 
‘ ted, the nd ‘I 
,) Blendin of the prepared batche and e» 
ess titanium metal in Vvcor tubes and allowing the 
\ nvestigaty vas undertaken to determing 
itions to come to equilil i! By blendit olu 
equilibrium and to how the etlect upon it of 
tien different total titantur conte t could he 
A 7 ed and equilit im could be approached fror 
the | ri’ and low 1 r 
1) ; thre effect titan in’ concentra 
ee tion, temp ture. and the ole itio of the vent 
chi | src ind NaCl, upon the equilibriur 


aeterminat 


a 


Fig. |—Hydrogen 
evolution apparatus 
tor determining Ti 


end and 


100 ml be; r shown In 
ic acid. Then \ 


Wr ) bill 
The topcoct 


topcock 


Composition of Batches of Reduced Chlorides Prepared 
NaCl Eutectic Melts 


Table | 
in Fused SrCl 


Wt Pet 
Ti Total Ti Pet Ti Kemarks 


Equilibrium in a Fused Solution 


Effect of Total Titanium Content upo the Titanium Metal, Ti , Ti 
of 3 Mole NaC! to 2 Mole SrCl. at 700°C 


ompeosition 
No aft 
Analyse Variation 
at Equilibriam ange, Pet 


at Equilibriam 


Table Il 


at Bauilibriam 


ret Ti 


Paperi Total Tita 
ment Neo nium, Pet at Start 
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Analysis for Titanium Dichloride a 
ney 
The method developed for of tita 4) 
4 
it based on the fact that Ti 
evolve hydrogen quantitative] from a weak acid 
olution according to the reaction ae 
>riCl, + HC) lo H 
ihe 
} 
Io measure the evolved gas an apparatu hown Rests 
nk ] Va a embied The ml i Hpurette wa 
calibrated from the Ippe! topcoch 111 ns of 
| 
0.1 ml. The de levelin tube needed to brine the rN saet 
gas volume to atmospheric pre ire when the read be i pl 
n are taken ae 
Analyse were made as follow ee 
1) Samples were taken from the salt melts by am 
adrawtt the melt pinto ) of ’vrex tubin 
i i} i plece | x 
A small amount of lica wool was placed in the RUBRER TURIN a 
tube the molten salt drawn through it to 
filter out at metal particle j 
acuul line the acid the 
burette to the upper wa 
i i AS. 
Since H. oluble acid-wate olutior (up to ho 
2 ml H, per 100 ml of solution at room tempera Sa 
ture), the acid solution had to be saturated wit On wen a ae 
hyd f TI lished | 
rove! perlore isin Wi iccompl 
toring the acid in the presence of aluminum stich ie 
H drogen evolve and aturate the olution aa 
It nece al to keep the ucid concentration low Pa 
because fing d ded titaniun if present im. the These were introduced between the 400 ml beaket ae 
ilt imple be ana ed, will also « ve | ine ind the bell and maneuvered into the conte ol the ae 
er The rate of evolution ve low howewve bell a quick] po byle Wit d 
compared to the ate of evolution due to titantiur laces the acid in the burette. It was found that the ave 
A ule HO » Hi il? eould be tored te hoon i ‘ eu 
(Spore pray 119%) a ound ‘ chanvin ino ‘ ity ‘ atts) 
at factory ! ther vere ‘ led witl itytve 
) Enoug} ol the ample alt tick Vere +) Atte evolution Nit complete thie evelin 
veivhed te Ve i a volume of fron 20 to 40 mil trite Wii used te obtui i eudin thie 
percentage titanium dichloride caleulated using the i a 
22410 760 
\ at mil of nlaced vol ein th 
No burette at atmospheric pre ive P. pre 
f evolved hydrogen (« ected | ometric pre ire 
. . minus the vapor pre ire of water at the tempera - 
‘ 
Analysis for Titanium Trichloride 
f ‘ tet 
17 By dissolving the It sarnple n dilute HC) unde 
‘ 
“ani inert atmosphere and tit tit direct Nit? 
; 
24 


al erro! 


Effect of Temperature 
in the equilibrium value 
650 to 
hin the expected erro! 
Sample le TI 


Effect of Varying the NaCl to SrCi. Ratio 
‘ W reason to belleve thi 


amount 


depend 
It Wore made 
total reduced t 
and 
fron 
in Table I\ 
ature wa Vari 


no appreciable ef 


Solution Ideality 
Table II the mole fraction 
uming Eq ex! ! at eq 
riment have been calculated a 

Calculation A 

pet NaC 
imed 
f at 700 run 


Writing the equilibrium equatior 


(in solution) 


(in 


the equilibrium constant 


Table IIL Effect of Temperature upon the Ti, Ti Ti 
in a Fused Solution of 3 Mole NaCl to 2 Mole SrCl 
Wet Pet Total Titanium 


Equilibrium 
contaiming 43 
olution 
mstant when 
tituted 


th 


Pet 
Temperatare 


Discussion of Results 
was noted in the tem 


between 650 and 800 C It 


Table IV. Effect of SrCl. to NaCl Mole Ratio on the Ti, Ti, Ti Equilibrium 


Natio 
Mole Pet sett Keduced ri of Ti of Reduced 
Keduced Titanitam Titantam at Neo 


at Start, Pet Pquilibriam, Pet 


Titanium at of Analyses 
Male Pet Natl 


at Equilibrium Variations, Pet 


Pqailibriam, Pet Temperature, 
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Fad 
usin an al There may be a slight tendency for the equi- 
oniu t} nute indicat the total titanium car librium value of Ti to increase with decreasing 
pe Geu ned without reduction of the solution by total titanium content, but the difference noted wa 
i Arivaient alte Were by within analytical ‘ Kperime 
ity! thie 
iit thie 
ethod in the tem 
eu ound to be 
tical method 
‘ of reduced titanium chloride were pre 
le cho bye A wphite ite erved belwe pend 
is a fe and was located in the salt bath outside m the relative GiMMMmmmts of NaCl and SrCl, in the 
thy hra eutectic melt of alt melt. The ystem, SrClL, NaCl, TiCl,, TiCl, and 
\ | j 
ce r lium chloride was used as the electrolyte titanium metal determined by three phases and 
ti! tetrach |e le wa ntroduced into the four component Using the phase rule, the numbe! 
thode chambe t} thode of degrees of freedom existing is three, F 
j eke cathor 
jue stare { i it 700 ¢ Thi ‘ é 
‘ ‘ t wir thy If the temperature and the pre ire are fixed 
) tet nirodiuetion rate thy there till ome depres of treedor vhich can be 
cu ent the co } | ell nated t fixin “a ratio ich as NaCl/SrCl The 
ere made amount of TiCl and TiCl, that can exist in equ 
briuy above utio To stud 
Equilibrium Results +} ef am. ch a manne! 
n 
} thie t buatehe ted in Table I a numbe that th taniurm in the salt melt 
eit ile ¢ ni i j i ount Na be The srC] NaCl mole 
teotial it ¢ it etal ntro atio to B60/20 Data are in 
fuced cithe i fine Kore ponve o metal fron cluded two extreme Cas¢ the 
bate) Pable I Phe ee position vere sealed it tem pe tween 700° and 850 C 
cor tubes and maintained at constant tempera With noted 
ture t} tubs nat +} 
1 Tie te fire } +} eou 
\ tutic u ric) ana 
itt elt L bye ‘ librium for 
‘ mia i? aval int 1 are ted 
vere attained indieatin im equ 10 mole pet 
ind it 1s a 
Effect of Titanium Concer during the 
Pable Il contain lata obtains 
testinal titiar it content wa \ between 1.68% and Wily 
195 wt pet. The equilibrium value was approached 3 TiC. —_—_—— < 2 TiC! 
the dichloride te o5 and fro solution) ri (solid) 4 | 
the h dichloride leoim land 2 
[5] 
) 
the ratio (N y*7(N ) 
the mole fractior ted in 
1 in Eq. 5. Suet not the 
change as the total titanium in the alt melt varu 
No chanes perature ranwve 
estimated that the 
700 


Table V. Concentration of Titanium and Mole Fractions of TiCl, Table Vi. Concentration of Titanium in the Melt and Exponential 
and TiCl, in the Melt Ratios of Mole Fractions of TiCl, and TiCl 


N N ) 
Mole Mole kK 
Experi Total Tita Fraction Fraction F 

NX 
ment No nium, Pet Tih rich Experiment No Total Titantam, Pet v 


ts between divalent, trivalent, and metallic tita 


analytical error can be as high as 5 pet. Therefore ex 
if the equilibrium is affected by an amount I than nium in a fused chloride tem using sodium and 
th by varying the temperature within this range trontium chloride a olvent This equilibrium 
it could not be noted unatfected | temperature change between 650 
There is a definite trend for the ratio (N ) and 800 C (within analytical error range of 5 pet) 
(N )° to decrease with increasing titanium con or by varying the total titanium concentration be 
centration in the salt melt, although this variation tween 1.7 and 5.0 pet total titanium in solution. It 
" not great. Table VI Jecause of the changing is markedly affected b varying the SrCl, to NaCl 
value of K it must be concluded that the solution i mole ratio of the olvent, the divalent titanium at 
not ideal considering Eq. 1 equilibrium decreasin with increasin NaCl con 


If the divalent and trivalent titanium chloride tent. The solution tudied are not ideal 


ure converted to mole fraction a Umine com rte x 
The author wish to thank the National Lead Co 
2 TiCl, Ti,.Cl, and 2 TiC], Ti.Cl 
re ric! for permission to publish this work, which was done 
— at the end of 1950 in the Research Laborators Na 


TiCl, - Ti,Cl, = TiCl TLC] Ti tome) Co. 


i constant value for K may be obtained 


Discussion f th paper se« 
Summary 17 
It has been demonstrated that an equilibrium a ond 


Roasting Reaction of Ferrous Sulfide 


The rate and mechanism of oxidation of ferrous sulfide have been studied by means of the 
spring balance and X-ray diffraction analysis over the temperature range from 500° to 700°C. The 
complete oxidation to oxides begins at 600°C. At the initial stage of oxidation, a slight increase 
of weight was found. It was observed by X-ray that the deficiency of iron ton in FeS occurs in this 
stage. This is interpreted as follows: iron ion reacts with oxygen by migrating from the interior of 
FeS crystal to the surface, without evolution of SO., until the deficiency of iron attains to a limit 
ing value. Above 600°C the rate of oxidation does not change with temperature, so the rate deter 
mining factor is diffusion of gas. Since the observed rate of oxidation depends upon the amount 
of the sample, the diffusion in the bed of the sample may determine the rate 


by Kichizo Niwa, Tsuguyasu Wada, and Yutaka Shiraishi 


K. NIWA, formerly Guest of Massachusetts Institute of Technol A LTHOUGH studi on the roasting of ferrou 
ogy, iS Professor of Chemistry, Faculty of Science, Hokkaido Uni ilfide have been ca ed outt everal invest 
versity T. WADA and Y. SHIRAISHI are Research Assistant and ato! ome disagreement ! emain amor those 
Graduate Student, respectively, Faculty of Science, Hokkaido Uni ‘ t hwat nd PP} have easured the 
versity, Sapporo, Japan ite of oxidation by a precise thermobalance and 

TP 4403D. Manuscript, Aug 22, 1955 have concluded that the 7 controlled by diffu 
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| 1 68 23x10 6 15x10 121 
2 24 +.56x10 9 68x10 : 24 009 
uw 7 44x10 14.57x10 
43 28x1 18 80x10 ‘4 48 
9 21 20x10 4 156 
Bee 
a 
to AIME 1 1 1, 1957 
! 
: 
Ae 
| 


it noe ror 


Experimental Method and Material: 


ised Ni rie 


Fig 14 hange in we ight during oxidation of ferrous sulfide 


Table Il Products of Initial Stage Detected by X-Ray Diffraction 


Keaction Detected 
substance 
Time Except Fes 


Table | An Example of X Ray Powder Fhotographs’* 


substance 
about 10 


900 


Results and Discussion 


ht (pet) 
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° C Va vith the change of composition ich that the 
ttice contracts when the atomic fraction of sulfur 
nereased The change of compe tion 1 there 
pa 
r fore, detectable by X-ray diffractior 
E Oxidation P 
/ v4 xperiments on Oxidation Process 
/ vA ate of oxidation of artif al ferrou ilfide 
. ‘ / n a stream of air was measured by a spring balance 
/ ove the 7 ()() 
1 
} 
balance as that described in a 
— pre is pape Its sensitivit about 0.3 mg pe 
f a 0.1 mm elongation. The rate of flow of air was fixed 
it 200 cucm per mir because no effect on the rate 
t of enctior ‘ observed when the rate of flow wa 
nereased above thi 
f min Ferrou ilfice ised wa prepared a follow 
boats which had been filled with electrolyti 
on of i to the cuse fy te Chufaro 
fe i ilficke oceed follow the 
that they oduct () 0 thie 
24 FeOy)* 
‘ fil thre } this 
mm H 
: the tube was heated to 800 to Sam ¢ After the 
: ilfu ition had been finished, which took about 
a two da the product was powdered and was ther 
evacuated avain at 900 to remove exce ilfur 
i The tinal product wa pr vadered a ill ind it frac 
thon between 170 and mesh Nia collected by 
Ihe nia of sample resulted in 61.98 pet Fe 
ind 38.11 pet & These value vere slightly differ 
ij ent fron those of the torchiomet compet tion 
‘ t 2 pet Fe and 36.48 pet S. The atomic percentage 
f sulfur was 51.71. Thus the imple remained nor 
‘ cl met | te of ich a treatment in vac 
— iu it elevated te re iture No other re except 
t} ferrou ilfice vere observed | i 
! ‘ ke complete powder photograph In eve in O| of imple 
| oul ‘ Hou ¢ wy 
In the present rer t. thy ret Result f expe ment 
fud meuns of | ree ind the mec} are ch the coefficients of de 
anf of ndu this nitial stave diseu ed crease of we are plotted against eactior 
thie of it } this diff i“ (min) 
! eaction tempe iture of 504 ( ome ncereuse 
il tick ome f weight appears first, and continues f bout 15 
: f mur thi ‘ nonet metric can this are ht be raduall 
‘ kes f th} luced te half of the ) The decrease ‘ ht 
The freor thie ttre the cation th that of che 91 pet for FeO 
rie Phe t t f keS the he ind 12.2 pet f Fed Thu thy ilfate ewict 


Table Ill. Change of Lattice Constants and Composition of FeS During the Initial Reaction 


Initial Oxidized at Oxidized at 


Lattice Atomic Atomic Lattice Atomi« Atomic Lattice Atomic 
Constant Pets Pets by Constant Pets Pets by Constant Pet Ss by 
specimen kX by Leda Haraldsen kN by Leda Haraldsen kN teda Haraldsen 


indoubted! x ry i y a very weak one. Identified sub 
that the ! d ! h in lines of FeS 
ilfick 


and the 
it cun be ests 
ition correspond 
issumed 


proceeded 


Results and Discussion 


Fig 2-—-Reaction of the initial stage, A change of weight 
Fe) i change of interplanar spacings of FeS 
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= 
‘4 2) i 2 
il e 604 ¢ the prod Be 
I 
It must he noticed } oe 
vere obtained under the ns 
ot the ar It 
i \ 
cant amount otf or ilfate will form in roasting at which is probably due to the increase of the Zim! See 
00 to 600 C, if the roastin done in a limited fraction of iifur in it Bie 
ipp fa n practical fluid-bed roasti fact u est that du the imitial stave the 
strikir phenomena are observed from Fy moor n kFeS combine with o en, forming ior 
First, fe evel tempe ture there ul nerease des on the inface, but ilfur ions remains in FeS 
of we ht of about 1.0 to 1.8 pet at the initial stage vithout formation ! iifur do le, resulting on the ae 
of reaction second | ibove 604 C the rate of ox nerease Of atomic traction of sulfur Since the rela ae 
dation does not change with temperature The latter tion between the lattice constant Ae) 
meal that the ene of activation tor the eactior pet of ilfu Mave beer eported aera 
| 
Vel mia Oo the rate-determining factor may be muted what change of the compe Be. 
{iffu ono te ich i cont weblion ol tauttice 
On these two points the discu or Will be offered that the initial reaction mainly PY Ee 
ind the furthe experiment vill be deseribed in Piet 
the followi ection 
rQ he S {1} 
; 
The Mechanism of Initial Reaction cae 
t can be determined what increase of weight tw 
Al nteresti problem 1 what cause the nitial 
p be expected tor ich uw change of composition, or a o 
ncrease Of we The amount of incresuse are too 
thi nitial 1 ‘ The calculation and the con 
reat to regard the cause a idsorption of ox en ao 
‘ Sent pi or Vith the experimental value are done a 
e formation of ilfate more probable Jo re oa} 
follow 
able evidence has been put hed up to now, how Bag 
al rite med ty tave of ¢ latior OY 
Phe mechanism of the increase of we ht will now it 
be discussed on the ba of the ‘ ilts from X , eas 
liffraction analy of oxidized sample 
= 
AAperiments ample vere quenched in nitroget 
5 
! iw to that lopted in previou 
vor] ind then analyzed | meat of an X-ra | 
powade photo In two ‘ of reaction ten 
re iture 00) nd 600 ¢ the chanve of weight wa A 
ved ; how ry) | wt } h point 
‘ i I 2A hich each pe ‘ a 
epresent the prepared imple ind it veight 
since 200 n f imple was taken. the rate of oxida a ee 
A t lowe than t? n | ] 
(The reason will be discussed later.) X-ray diffrac Re 
tion pattern vere obtained by mear of ordinar’ 
photographic method isi! i pow ler camera with + + 

diameter of 90 mm and CoKae radiatior 

I ‘ i ! i] ne mur amount 

to be detectable by X liffractior mewhere é 
between 0.5 and 5 pet }t ht } t cle 
pends on the material in question. While the oxide 
of e relativel easv to detect ilfate 

more ilfate mav be nece to obtain the d . ey een re 

ne ‘ These poir ‘ mr when th. 
result f X hiffraction e discussed 

diff etior ean t tye present or ct int 

tatior or one examople able | 

In th ke 
the ex tence of Me 


Fig 3 The relation between the lattice constants and the 


atomic percentage of sulfur in FeS 


Fig 4—Dependence of the rate of oxidation upon the amount 
t sample The broken lines indicate the relatiwe rate of 
xidation cited in Table IV 
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t kes From Eq $ and 4, « minatin I we obtal 
, As 
21.33 (2 
VW 
) ind re irdur thie nit il Compt tion a 
° 1.4 pet » 056 the ncereast of weignt 
to be expected are 0.8 0.3 and 0.3 wt 
4 
pet f 00 and 600 C. respectivel as far as Eq. 1 
imed The expe menta lus are 1.5 pet fo 
‘ and the i ecment wd, particular 
fe thie ise of 600 CC The minor discrepancy it 
00 ¢ prot } lue to the formation of the mall 
Ax 
- nt of ilfate 
; oe | m these experimental results the mechanisn 
thy nitin eactior conceived to be follow 
‘ 
on the inface tue mtinued | 
’ ov frorn rite 0 ot cry tal 
nd noe ition of SQ. occu iltu n the de 
f of or ! kes ind il ncereause of 
‘ 
™.? rt When the defierens ol ! eache i ! 
— he produ mn of SO) ind we } 
On the Rate of Oxidation 
I} te leterminit factor n th reaction 1 
md have cor dered t the observed rate 
controlled |} diffusion of oxveen through the 
' pores of the product lave formed on the irface of 
rel ¢ i im tiel The diffu n coeflicient thu leter 
rie ) rit ) j Pie KY eau 10 on } far le thar the 
tion { ne tice 
| ety ttice cor 
ned buat th ‘ ht disavreement 
i 
lable II give the atomic percentage of vA 
‘ 4 i} +} ‘ trary iit ‘ rere 
‘ ( t ‘ i j 
feat nf teal fron 
‘ ‘ j ‘ eu 
nif ‘ } avreement 
Pable TIE ator nercentage of <u 
4 
teal hoa 00 pet nd j () — 
rel OOO | ‘ If ka / 
thy, ‘ 4 fer rif anf fi) 
i | I 
on } 
100 
rat t? ine ! ‘ rit pe ! 
oo 
| 


theoretical value of about 10 cm indicating, rough estimation, however, it can be ua imed to be 


according to their opinion, that the porosity of the 10‘ to 10° em, The # may be 1/2 to 1/5. If D 1s of 
product Wa very 1oW the order of 10 cm iat the rate of reaction pel 
Thi interpretation is rather open to que tion unit area should then be 10° to 10 mol cm en 
however, because the rate may be det rmined not Although this is a very rough ¢ timation, the ordet 
or by the diffusion in a particle, but also by that f magnitude ts thu n good agreement with the 


final column ot 


the 


uch 


If an attempt made to determine the diffusion 1} iplicated factor 
coefficient from the present observation 1n a Wa as the partictk e, the amount of the imple, and 
t scl il calculatior ) found to be the hape of the bed, et vhether the rate of r 
ibout 4 10* cm’ see which is also a very small action is predominantl controlled by the diffu 
value In this calculation, the fraction a of the pore ion in the bed or by that in a particle It is of in 
th pl tw considered ; terest. however, that the diffusion in the bed con 


tributes even in such a tem containin uch smi 


amounts of material 


Summary 


The rate and mechanism of oxidation oft ferrou 


1 | t} ulfice Vere tudied micah ofa porin balances 
re an ure e equivalel volume oft 
i Ifat and X-ray diffraction anals over the temperature 
I ve Since lifate wa no 
ange tron 00 tao The conclusior reached 


which only 


Table IV. Relative and Molar Rate of Oxidation for Various 
Amounts of Samples at 700°C 


thie ite 


determinin factor, the rat hould be ndependent ants 
of the amount of sample. If, on the other hand, rate Amount of id 
sample Mal See 

controlled by the diffusion in the bed of sample Me See Mol Sec i,m Cm 

t mav vary with the amount of sample. The result 

ure nown 4 The ndicate that the rule 

obse! o7 1) 


ickt 


wo con 


oned above 


The hape of sample bed in the bucket was ap the ‘ 
vit! 


! mal to the uppe urface of the dist o the mola the formation of oxide proceed beyins at 600 C 
te f oxidatior hould be proportional to the are 2) At the initial stage of ox dation, a sheht increase 

f uppel irnface, or the area f extent of the imple of weight found It was observed by X-ray that 
ed im the icket, as far the diffusion in the bed the deficiency of iron ion in FeS occurs in this stage 
lve reuct vith 


thy 


value 


if Above 600 C the rate of oxidation does not chan 


dation 


column otf t! tuble the mola ate 
init of A is almost constant. TI is a valid evidence depends upon the quantit of the sample, the diffu 
for the view that the difl on in the bed contribute ion in the bed of 
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in th ‘ 
1 
i V | | 
Fes 
wine 
formed in the present Cast « May te be if ered are as follow 1) Complete oxidation, in 3 
Vers much 
An ¢ xperiment was carried out to decide whethe 
tor 
or not the diffusion in a partictk the only factor me 
n the rate-determination namely the rate of ox! a 
dation wus measured b using Various amoul ot 5 
vation supports the latter case of the (mms BET ae 
tior ' 
of od te i alficte 
era ete it | 
‘ 
Ox ‘ mi atin th 
The second and third colun to th face without ¢ jlution of until 
1 mn the fourth im! the area of extent ¢ 
bed in the bucket \ hown in the filtt ‘ 
predominantly to the rate of oxidation oe 
A nple yroximatior the rate of reaction References Ci 
Asa mpi “ppl 
ontrolled by the diffusion in the bed | . i ‘ ee 
G P ; ive 
iv 
‘ “4 
4 
where a the fraction of the effective area il thi — j Che j 
ipparent area A, Af the conce! 1 I t 
t of n th diff er of the thickne j 
L. and D is the diffusion coefficient. Regardin ; ie. 
‘ f th r of 
“4 the cor ent it er i i ‘ j 
e and at the temps ture of the actior Ne ore 
ne of ample bed a the reaction proceed A u a 


Use of Oxygen At 
Abbey Melting Shop, Steel Co. of Wales Ltd. 


A water-cooled probe, introduced through the roof of an open hearth furnace for 
jetting oxygen into the steel, ts described. Effects on carbon elimination and other operat 
ing data are given. A system of slag control for sulfur elimination, involving control of 
oxygen utilization, lime addition and bath carbon, is described 


by A. J. Kesterton 


J) KESTERTON its Supermtendent of Steel Production, Abbey 
Steel ¢ { Wales Ltd, Port Talbot, Glamorgan, Wales 
13616 Manuscript, Feb 16, 1956 New York Meeting, Feb 


1956 
—s ‘ Fig. |—Diagram of apparatus used in experiments 
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} 
than 90 pet f the total tonnave of ingot eliminatin interlerence vith adjacent furnace 
to speer bet eon a 10.07 pet 1) As compared with the use of | teel lance 
ith co the ate f carbon wate cooled et eliminate thie al Wer 
thy hie 1) ‘ cor feral i quired to handle, control and change the bare pipe 
thy Toit t ‘ eve thre ise of ») A et through the can be tuated over 
; ont 1} pu es tituted a fitable field the center of the bath so that, whatever the direc 
ows ent. part ila euse in t out 
Devel 
evclopment 
‘ +} pod } ‘ thie ‘a? 
‘ ered il it 4 ft it ‘ trie 
j vere but nipu | 
aut ‘ ‘ t thie \ 
) e steel f ct it 
ett entire Clear te thie’ p bu 
A 
Work 
Th 


The 


which 


tering leading to ftarlure 
cons! 


are bent out 


reaction zone is not il 
thre 
around 
life ofl 
thie 


watel 


reduce 
ing back 
then the 


nount crank 


pipe 
n 
pre ith 
direction through 


itudinally 


and 


The 


alons 


lower part fun 


Table | 


Water Flow 


( ooling nit Imperial Gpm 


Heat Losses Due to Water Cooling 


thie 
nyeth 


central | 

the 

coppel 

Heat Loss Surroundin 

Hit per nn 
Min 


bore ON 


in 
and end plate a 
welding 
the oxyeen 
ituuted 

ny cooln Vile lo 

through 
in and 


pipe 


Lube 
lemperature 
Kise 


etricall 


a diaphi al 


rece 1 


rile t 
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from a 
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Fig. 2—Gun No. 13 after 75 blows, illustrating type of cham 


nmediatel 
quantity 
the 


the 


below 
lap 


which 1 


th 
ol and 
orihies 
un appreciably 
uch that the gun 


cooled annulus in the 


length of 
tube throughout 
fabricated 


about 


in Cop 


is a clu 
teel 


of three 
pipes con 
Phese pipe 
top of the 


bone 


al the 
le 


Phe 
plate 


return 
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tion of flow in the furnace, there is a full half batl oy ee Boh 
ength avallable n which to burn the combustible 
on 
fro } ni tio f t of 
ases arising f1 he oxygen reaction. If entry ot she 
| > 
“a Water-cooied il made through the bacK Wall > > 
u cannot generally be done over the taphole, and ao” a% 
ist be offset toward one end of the TtTurnace, Mak 
comt tion of the reactior P efiicient fro 
ng over a series of pulleys to the oxygen gun, see 
} hoistit nd low f the ox it 
ie carried out ‘ ote control push button 4 uf a 
- 2 
Attuched to the in near the top are two diamet : ae 
cally opposed steel pins which, as the gun ix fon ee = 
top steel binders of the furnace ick a 
mply of 2 in. diam steel tube 
vards to form a fout pronged play to receive the a 
pin Two of the teel tube are also lengthened and oe t 
} 
plaved in the direction at right angles, to act as a un 1 a 
for and to gather together th 
curl the inlet and outlet watel i 
lhe teel pin when located in the a 
vent the oxvgen gun twisting in any = 
thus ensure that the un fire lon? B= 
te ‘ ' 
lif of ( if “up 
thie furnace and | not directed toward tront ol Phe average life of thi lesipn ol 
back lini The position of the pins on the in i mately 60 o%X en blows of about 40 to 50 min dura oo 
ich that should the wv ‘ ope break, the vil thon each The record run without repal £50 
‘ ke the top bindet and prevent the end of the blow Failure usuall occul due to chamiferin al Pe: 
{ t of ft 
in, which water-cooled, dipping below the su he orifice at the point of exit of the o en, with ae 
face if the lauicd steel eventual cuttin throupt thie Lube and end plate 
Ihe nto the furnace through » hole nto the water jacket Repal are. however, ellected 
ry the oot hich fitted vale cooled copper welding quite cheap! the in will 
th ibe thy waite cle ered to beeen peated rian on iti “iti 
ol ‘ cota h h wal five 
trie howe 1 | ail mad then ipWwa 1 ound pore tit ane al od a 
f or tie olvul fo total 
trie al ut ‘ cil betore ed it pei Or Ope moan ‘ he 
| 
thy iy oat ficient 1 date beim 296 thie pe ol 
that it prevents exce e wea f the roof due t chamfer to 
the flare through the hole and it ha a lot [hye vule cooled ith ma it) iat 
‘ ttle heat the Turnace on 
‘ 
trie 4 Cooled al rit ! 
ft ¢ wick vhich enhanes ish button contre fro thie natrument pane 
aneh th the effects of flame ‘ alve fro thi fie? 
the reaction re. the tte particu f th Ox The « produced he presen | 
‘ 
n at high irbor rhe present de ‘ pre ire of app itely 200 
whict op) held ertica lHloweve mn the near future thie ¢ en v te 
‘ 
ried ‘ tre thie ‘ ‘ j eid niout! j imnin hie i ! 
7 » the function which ine Ww, | hounda operated the } yy en 
- 
ay 


Table Il. Rimming Steel, 0.07 Pct C Maximum 


Mao 
Pet 


MeO ALO s 
Vet Pet 


007 Pct C Maximum 


‘ ised fe if 

iif i i trie 

| ct i i 
eve bye O40 ct } 
‘ ‘ heart? fu we 
‘ tiscl ot tu 
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i 4 i thie his hit 
‘ f al it 
bis ‘ ity () the batl 


Table tl Comparative Fettling Times, Rimming Steel 


of Meat of Samples Petthing Time, Min 


volume Nas been delivered 


he integrator, the furnace 


erence to carbon anal 


ilated 


During the oxygen blow 
irmally be considerably red 
zero up to about two third 

operation, depending 
mount required bein ima 


tappe d 


the fue 
uced It 


of tt 


afi a 


read olf di 


without 


oil 


on bath condit 


er of 


judy 


temperature 


from 


urther 


input can 


from 


that required for 


the 
ment. Du 
are taken 


Type of Meat No. of Samples 


Table 1V. Comparative Sulfur Analyses (Pit Samples 
Rimming Steel, 0.07 Pct C Maximum 


Pets 


Pit Analyses 


and serve as a guide to the oil flow 


lement the heating effect of oxygen 


low from 0.45 to 0.40 pet 
While the oil input 1 
he oxygen blow, the a 


nereased, in order tor the 


ipplementary fuel 


An « <periment has been attempted to ; 


nost efficient transfer of 
ental fuel to the bath 
ild be done by providin 
ve the bath 


Instead of a single retrace 


Ver little oil being used, the 
usily be increased from between 28 
between 28685 and 2905 F dur 


normally 


fuel ratio 


( 


hie 
It 


action zone to receive ufficrent air for 


heat tre 
was th 
long pa 


required to sup 


However, with 
bath temperature may 
and 2815 Ff 


inp 


reduced 


ou 
th fe 


line ed OV 
ice 


‘O venerated a 


t 


during 


appreciably 


he re 


Durning a a 


upple 


that thi 
r the 


d 


flare 


ente! 


Fig 3—Average rate percentage of carbon drop per hr for 
oxygen blown and normal heats 


TRANSACTIONS AIME 


of Neo of fal vo te fe 
Heat Sample Vet Vet Vet t Pet Pet Pet 
23 “24 2 94 22.11 
i ; 44 447 274 2 22 10) 24 
‘ 7 0 001 0 001 
i leud ‘ ine ip to 200 ib per sq in aximum specification in the pit sample Operation 
; thie ‘ byt 1 if required therefore is follow 
{) this nstrument 4 ‘ Peach furnace there A ample | ent to the laboratory at the ame 
ine meusurit the pre ine time as the oxygen blow is commenced, the int 
‘ the f ‘ ! ive, and a combined ox rate on the oxygen recorder bein reset to zero 
ndicut and total ntepyratoi When the carbon analysis is available, the quantit 
‘ ut ranged » that it can be of ox en required ts CalcU, soon as thi 
ene ero belore cach o en blow, in order that ec tly 
ing the oxygen blow, bah 
. en con can be ead 
! il the proce 
int ‘ ! ill iu mon u 
hie } ‘ elted o, at any point 
O45 pet \bove th level 
it? i med deu flurne which. even babilit 0.57 
ar ath rylerte the furnace neve! 
thicele bine thie ol iture high 
ule it 
el th il 
| i 
h bath 
vhol 
| en 
ror 
bier ¢ rie isuall ‘ han that tollowiu thie 
the 
tin. If 
good 
Cahn and 
j lene each the roof center of the hearth, two guns were p — - 
n tle te ised. a iat “a straight 
‘ ref condition ! vhich the uifur 
« ‘ ) udyjusted to the high 
ewe hy the bath wcept. T) may mea 
1) j Seo? 
‘ ‘ at iff thee commenced a | 
tion and fuced to be controlled 
‘ thre ¢ ‘ 1 bole vil educe 


rated 


ten 


Rates of Carbon Elimination 


automat Pheretore ip} Kimatel BU ‘ 
bath length wa ilwa aed mbustior 
ind heat transfer from the reactior i 

However. no significant improvement in con 
imption Wa achieved compared with the it 
central gun, indicating that a hall bath length f 
combustion of the adequat Since 
louble the installation and u iintenance cost 
were involved, all furnace have now been cor 
verted to single central gun 


There is a considerable increase in th ite Oo 
elimination of carbon The effect on the turnace i 
Abbey is conveniently ummarized in) the raph 
hown in Fi , These how the average ite oO 
carbon elimination in pet per hr frot ious carbor 
level calculated over the range trom the batt 
carbon analy at which the oxygen co enced 
to the bath analy prior to tapping vhictl i} 
proximately 0.06 to 0.07 pet for norn al heats, ane 
0.05 to 0.06 pet for oxygen blown heat 

Three curves are shown, indicating the carbo 
elimination rates for heats blown at average ite 
of 35.460 cu ft O per hr, 46,500 cu ft © pe ! and 
non-oxvgen heat respectivel 

Table V. Low Sulfur Steel Specifications; Maximum Sulfur 
0.027 Pct, 225 Net Ton Heats 
Oxygen flow Kates 

Sat at Add Hot teed 60.000 
Melt Melt Metal Lime (ult 
Pet Vet Tens Boxes per per We 

‘ 

Here 

4 ‘ 

4 
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Fig. 4—Time trom given percentage of carbon to tap tor 

oxygen blown and normal heats 
throughout the whole range, as compared vith non 
) en heat 

In Fis iph ire piven howing the refining 
tire equired from a given carbon to tapping fo 


non-O% en and ox en blown heats, the latter 


at the two blowing rate As an example, from 040 
pet C, the use of oxypen at the higher rate echuce 
the time to tap from 140 to 46 min From O15 pet ¢ 
the corresponding reduction is from 96 to 44 min 

In Fig » the time auved for oO» en-blown a 
compared with non-ox en heat ! uphed ove 
the full range of carbon level and for the highe 

gen flow rate varie from 40 mut ived at O| 
ct C to 95 min at 0.40 pet © 

Ky 6 shows the specific consumption of © en 
ncu ft per 0.01 pet © pet low ton of steel, plotted 
against the percentage of carbon iat the tart of the 
From thi quite clea thiat there 
apid reduction in the efhieren of the use of « el 
is the percentage of carbon it thie tart of blow ade 
nie The reduction in atu spectacula 
ite below 0.15 pet C 

fact tovethes thie nereus 
ived the } hie the percentage carbon 


carbon ut 
the net an trol. il] pon 


rbalances 
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ne the roof close to the ends of the bath. Oxygen a: 
Wa upplica alternate! throuvt these eun 
on the ame end of the furnace a that throug! E 
which the fuel and air were enterin The ox er , 7 
flow to each end wa controlled b electricall ees. 
ope Valve connected to the automat eve 
_ that reversal of the oxygen flow was also > a 
‘ 
— 
45 
oxypen ble hye 
12 1 ! hier ommenced 
thie reatet! of ov 
2 Divert ‘ ! 
Chis is counte by the hi eal fact that 
‘ ibove 0.45 pet C the reaction too Violent, and 
02 wcording! approximate 040 pet C has beer ‘ 
2 y ected as the best compromise at which to cot ener ars 
en blowin} 
Tapping Slag Analysis 
fable I] comparison | made betwee! thie 
iverage tapping lap ana ‘ to en blov 
Pot ‘ heat md noneoxyeet heat hia ‘ 
e ‘ ce T e ie routine determinations tro heuts of the 
rade ol teel taken ut andor from the furnace 
turin thie ume pe od of time Two fturnace were 
Phe beneficial effect at isin en ure it pe wted with ox en, and Ix on heat 
mediatel ne? rie evel The probabilit that the difference between thy 
‘ 
flow rate. i.e.. 46.500 cu ft per hr, the carbon eli urious analyse not nificant en belov ay 
inatior ale nereasead appl mate threetoid each li constituent It clear that the difference 
3 
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carbon to 


tap 


Table 


Sulfur as a Complicating Factor 


pt itf on Clativel hict 


Vi Oxygen Volumes for Carbon Elimination to Obtain 0.05 
Pct C at Tapping; Assumed Steel Weight, 235 Net Tons 


(arben, Pet Oxygen, Cu bt 
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4 \ 
Abbey Meltin; 
sulfur fuel o 
1.6 p Viuen of the crap | | whi 
ter cha n tirne ind increase pick 
ip from the fuel Phere 0 to 55 pet of high 
phosplhe i (O.40 et) and lov hot metal 
: (0.02 to 0.025 pet). Under these circumstance ilfur 
become complicating tactor fe ter pecification 
‘ than UU pets 
; The extent of the problem of refinin ilfur de 
end ipon the percentage of ilfur at melt in rela 
t to the tapping anal equired. If the pe 
ent ‘ f ilfu it melt close to the final spe 
ition the carbon ma be conhdenti emoved at 
; } h speed by the use of ox en. On the other hand 
the final pecihiicatior equ ed ind difficult 
: fig Slime soved to attain, « ‘ than 0.027 pet, and the percentage 
for oxygen blown ce 
ilfur at melt elativel } h. es 0.04 to 0.045 
t or more, then experience dictates that the bat! 
efined | maril relation ilfu emoval 
ind the ination of carbon ipordinated to thi 
er 
i? ‘ ‘ ‘ ‘ 
It thought, however, that th need not nece 
‘ ‘ ‘ ‘ 
: . i curtail the use of ox en ft carbon removal 
il ‘ i Corn ‘ ‘ ‘ +) 
iti ‘ ti I ities ‘) if 
it j at le thie ‘ heat Mer ft d 
pore ‘ refin iiful pu ) 
i mn which the use of oy er proposed a 
‘ thy thie ‘ ‘ if On teu Vt 
i ‘ i afi 
‘ ‘ ¢ hie } ot ry the 
Dhe percentage of iifur at melt wv Va fue te 
rie nfluence of thie ul ible cope itil fact ip 
‘ ‘ but? bie mn 1 luce 
hye equal, i thie 
bye educed the ten ht] 
‘ ‘ ene mid ‘ ine 
24 
‘ ‘ ‘ ‘ ate heat ad thre elu ‘ 
eduet fete bis av he re 
‘ ‘ that tiene trie vu picKul ol 
j IIT ¢ the average fett time fo om the fuel, the variable condition of the seray 
‘ ‘ ‘ heat the ‘ constituent Variatior nthe hot metal anal 
i | con, pl phoru and Variable inalyse 
thie ‘ ‘ ! en heat ite na of flush anda i ible curbor 
this i le thie ‘ The extent of the eftinin proble in relation te 
tte Cin le ilfu aiming to i ven specification not 
‘ It furthe i ested that the melt ercentaus 
Sulfur f sulfu elf adjusting to the above fact ind 
Peal | } the ave ‘ ent ‘ ilfu that tl ire is therefore proj to the total 
‘ { ‘ } eal ! thie ysten it and the ilfu 
trie ! ‘ ‘ capacit ol the If the melt percent 
elect ‘ th ime heat Pable ‘ ilfu higher tha he eel specific 
lil ‘ fett ‘ the capacit of the lag to remove ilfu i he 
Phere cant erence twee the nereased during the refining period, and it u 
‘ i evry ii ‘ ‘ ested that the amount of alte itior na to 
est thisat thre cured be effected during the refinin period t the li 
rie t int trie ind tior cun be equuted ta ( ‘ 
thie litlerence between melt percentage I iifu 
te thre ‘ f ‘ ‘ hye I} theret fetert re n the first nee thie 
= Fart t his int of lime vhich nece t it inte 
27738. 


an AN 


Fig. 7—Degree of success attained in sulfur slag control in 
100 heats 
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Fig 6—Specitic oxygen consumptions in cubic feet per 001 


pet C per long ton steel for various percentages of carbon 
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= tad 
olution in the lag during the refining period inet - 
ul tne o1 convenient addition which can be 
tet 
de cae berate to the to increase it total 
id utel n lat 
Ine Capacity 
« vse 
Whateve ay used must f t be put into {] iid Girt 
ni ver lin | 
olution in the lav. followin vhich there must be 1 0 
idequatt metal interfacial exchar avita 
tion ft ensure that the ilfur transferred tron 
rhe operation of dissolving the lime ts one re 
ju n the absorption of heat to rats t lia : at 
temperature tovether with a thor igh ! King vith 
thie al 1 fin i tute ‘) ition It tri rt that 
tt 
nit the best ocedure is not an all-out attacl : 
ul ! pl 
the carbor with en. but that the rie hould 
mi n of 
heiped nte itor Dination of a rea 
\ ous enough to ensure that all the lime + 
continuou irrounded by movin la It is pre = 
posed that the n of these requirement 
vithe t oxce ot cul nould be ecured 
nit | 
x gen at a moderate rate ini ill 
nstance I thie Abbe furnace a rate of 
+) r Therefore, there must be available at the melt an aa 
cu ft per } elected at th tue The length ot ia 
} } } j by] a ount of carbon | Proportional to the meit peres nt 
| ‘ in trie moadecrats inh ra 
+ ave of ilful which Vil ullicnent to put thre 
rit ned to ‘ re bitrie nia Oiulion 
idit nd hence to the necessal lime into solution, and then adequate! 
! to the me addition made unm ien 
ul 
tute t | met mois not 
he la Vill rie n ul 
elt percentage of sulfu It should b 
‘ eres present at the melt, it should be tometal irae 
» quantity of carbon will be blown out at thi ue oe 
meal ¢ +} oO me of oxvgen used Lhe quantitie of hot metal proposed in 
ni } lal \ have been calculated tron i tutistical 
+} dditior buble n il hi from 
at th ww rote ind hence a to ne lime a 
nad melt percen eof ulftu 
lhe proposed lia eontrol method tor ulfur re 
H ‘ asthe roe i turthet! period 
ai j { en as an essential 
movi during refinin li i 
agitation betwet iv and metal to provide 
mol, iS a oll 
il mequate amount ol lid metal interfacial ex 
for i) d 
‘ comy etin thie ulfur transite! u 
rhe 
le "The bein fluid and reactive at thi a5 
vided ! 
tave thouvht that the agitation may be pro 
n en 
Th 
aed 
ite to 
two 
ed to put the eet 
» pr ne | 
f factors will be dete ined ©, Me amount of lime 
carbo ettin lower, and a higher rate ot 
A ' mparable ite of to be fed. and the amount of carbon equired to “te 
hlowin equired to u al 
ovide thie nece a witation reautel hie 
i tatiol For tl tuve il therefore an amount 
} } will le the melt percentage ol rhe eutel Ties 
— juantit oe 
nece ul If the carbon 1 below tha equired, a Peis 
hot metal addition 1 
) Depending on the lime addition, a speerti —_ 
pray tion of the total o en olume required | a 
blown at 4a educed ate to the lime into olu 
After th the remainade of the ox eno} 
vn ata hipgl ule 
+) total ¢ en required determined 
the carbon “ atte hot metal addition (il = 
) it’ thee oment the o en blov lurted 
it furthe rete ence to carbon o iltu anal 
the furnace tapped at the end of thie 
en hiov 
i Vi} heen prepared 
») buble Vv and \ nave be pale pal 
down the hot meta sdidition. | addition 
hlowll ‘ and olurne equired ) 
pecifie cart ania 
Phe ocedure the Append 
! ! ! 
| cat ‘ 
mall the pu of indicati that eon 
Zed 
r) the jue ‘ Zation, and 


Quality 
d. In 
and 0.04] 


‘ nt ton 


metal added a QUICKIY 


th the est 
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Some of the principles of physical chemistry underlying hydrometallurgical processes 
are discussed and an attempt is made to evaluate the various thermodynamic and kinetic 
factors which influence their operation. Recent research in this field is reviewed and a 
number of specific leaching and precipitation reactions are discussed in detail. The appli 
cation of kinetic measurements to the elucidation of reaction mechanisms is emphasized 
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elect iit te hile W hie n the bath melted. the above two bat} 
=: that the d ed sulfu ecific iumples should be read one sample for sulfu 
rane ‘ thie ed mn betlore melt md two ample bon 
ne 60 min and one 15 min bef « melt The we 
ned entugve of carbon at melt can then be deduced tron 
heat ted in th elt can be estimated b leduct 0.002 pet tron 
eciheation el Hot meta rhe of the first ample kao example first 
part of the te “umple min before melt. 0.45 pet ¢ 0.043 pet S 
ne min before melt, 0.40 pet C. me 
elore at meit U » pet and 0.041 pet 
Het ten V now ead to deduce the action 
the example given above, for 0.35 pet 
‘ Terence pct at melt trie iddition required 
bee are Mims of hot metal, and four or five boxe 
thie lead hin ile the Tinplate D lirne 
OXYGEN pickle we () The hot as possibl 
iverage | ane ing more of the lime wi metal, to make 
ea hie ise of the boil from the latter 
tance Or ae ()» en blowing ts bevun a oon as the bat 
at the eported ifter hot metal addition. and i amople 
eean ea ent lo thie laborator fol carbon anal onl 
ent neure hich determines the volume of oxygen to be used 
sal en grouped togetne n the center of the range 9) The remainder of lime required added a 
Oxyyven 1 blown at the educed ite ot 
into solution, and then increased 
ee ft per hr for the remainder of th 
ert curt Poabout pet 11) The furnace is tapped as soon as the oxyper 
‘ olurne pecified in Table VI has been delivered 
before melt, a sat Vithout further samples to the laboratoi 
} re lo min bef eit and manganese anal 
; ent to Une ror Carbon 12) Fluorsmmr ts used with lime additions to 
‘ ‘ ‘ ent pole t LIME t \ 1957 
t tribute to the unde fin quantitative answe to the follown 
red ‘ f } ety juestion 
i \ i trie 1) Can a ven chemical eact no proce 
made to operate and, if so ae Vhat condition 
z) What ure the facto rit thie 
te of the reaction and how can U ite be ‘ i 
ted in practice 
these questions and kinetics the second. The answe 


reaction 


depending on 


the ph 
opel 


co 


vold and 


of construction 


mmonia 
and leachins iranium w 


The common precipitation proce 


both 


Cornet 


conducted 
The ad 


nae 


and 
highly 
Amon 
the appli 
ure techniques are 
copper, and cobalt 
carbonate leaching of 
n sulfide 
enerated in 
the precipitation 
and copper from aque 
hydrogen reduction 
anium and vanadiun 
on b h 
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to the latt ntimatel elated to consideration the product will have thie 
is 
if the mecnatl ! whict on lake place Where an tne 1 ictan 
for } } bstance thy ole f pre ine 
An understanding of the mechanism therefore ol ! olatile un 
ay 
reat importance. Sometimes a given n influencing the thermodynamics become readil 
| | ! nvolved 
cur by alternative mechanisms iii con apparent. The principles and procedures | YS 
t mn nan latio re well know! 
ition and on what catalyst if an are presen ! ich the odvnamic caiculat ns are we ' Bi 
A number ot frometallut Cal proce have ina everal coms eher ive tabulat rit 
Dec! ised for man Vea! and the practice relat chemical data e available ss 
to the application are we ll established, although The thermodynamic aspet of numbe 
mn most cases a detailed understanding ol! 1 ter of hvdrometallurgical interest have been a ied 
nd co ths 
al chemical principle which govern thet on cussed in detail by Pourbaix and convenient! ga 
has not vet been achieved. Examples 0 = epresented b him in the form of potential-pll a 
hoacnin cmt ‘ alt thie extraction of At pical dia ram fot thie Cu 
t forn 
Ve ( inidatiol leachin of zine oxide and thie repoion ol tabilit ofa eren ran 
ani 
coppel oxide with acid: leaching of metallic coppet of copper as functions of the potential and pH, | ae 
} 
vith ina with caustre hown in Fi 1. For details th 
oda th acid or cal aia ul the readet! referred to Pourbaix Follo 
i bv hin the boundarw 
bona, include ny the convention used by him 
thie cementation of coppel from ac id olution b' have been drawn o that the olution re on col = 
ol recipitation of gold and Iver from eyanide espond to total concentrations of dissolved coppet Bett 
olutior by zine dust: precipitation of uranium and exceedi 10 mol per lites Because he | 
vanadiun from either acid or carbonate olutiol thmic nature of the dependence ana 
neutralization; precipitation of in oluble ulfice potential on the concentration these 
ind mat other chemical precipitation proce ‘ hifted onl hehtl if a different 
and rn hel em 
ly ecent eu interest in hydrometallurgical limit elected. On the same diagram the thermo Be. 
ocesses has been greatly intensified. Many of the lynamics of the reduction of oxygen (at 1 atm) are oe 
newe! development in th field involve leaching epre ented. 14 ae 
and precipitation operations which are | 
1 | 
at elevated temperature and pre ine 1] 
vantage which may result from operating 
, nd the o lation of } fropen (at ie 
sutoclave condition are 1) reatl Increase rule al 
of reaction 2) tavor ible placement of thermo | 
certaim rit ch Fror the dia follow 
a} 
O H al nformation readtil “uppare 
npe! 
have re tempera 1) Throughout the anve considered (0 to 
ture, higt leach 14) metallhe copper is therm xivnamicall ible 
n of n ith a contact with an aqueou olution. um the iboenes Be: 
I 
de or eno othe oxid inh avent thie porte 
leaching for the oxidation of Copper apprectal above 
toxida 
that for the liberation of hydropen 
net 
tion of tl of metalhye %) Oxidation of the copper can be effected b 
i olution nee the 
nickel, ¢ en at ordina pre i 
of thei indy potential for the reduction ola ell abe 
a from i ! 
aqueou Ben eaut | everal oxidation product are po 
tie? ‘ pon lin tod fYerent enctior path while 
I} papel concerned in lat Cu ‘ epresented follow 
these newer developmet! in Then 
metallu although recent advances relatin to the Cu | 
} cal chen of some of the olde hydrometal 
eal proce ‘ also revie wed ( 
proce ‘ vhich have been dely employed to r 2H pol] 
ver metal olutior often n the pure 
CO ) ! 
obtainable or are excluded 1 ! | In the pH re on between about 6 and 14 ‘ i eee 
' f the newer recove tect 
| tie 
nique ich as ion exchange and solvent ¢ i favored. while at lower and higher pH value 7 
\Iso exeluded from consideration are the n the copper can dissolve as Cu’ and CuO,’, resp ae 
portant problet of physical chemist connected ‘ Be 
) All the oxidized To 
ited with jrometallut eous } froven at 
‘ educible to metallie coppe i ! 
pore ine nee the potential thie ai 
Thermodynamic Considerations tan of hydrogen lies well below that for copp Bi 
+4 j 
throughou he dia i 
I} } thre ise of the moadynat! ( pit 
Lite +} fluenced the presence fa reagent whicl 
an of the metal in the olutiol if 
rit t Ir ere | al ncreast rie 
nee ati in il al 
lia n contact with an aqueou du 
onceentratior partial pre ire re Cat NH 
hift the ¢ t i! of a reaction é 
NH Che concentration of free NH, (the 
vard directior while at ncerease in the concet! ) if 
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‘ th Cu) ue lefined } tants { — sin ¢ the solutior 
‘ 7 ivh the equilil the i-solution nterface ) adsorption of 
if ‘ i irface +) ue he 
ir] ‘ mtior thy ible 1 luct ‘ 
' the entra! free NH the inface; and 6) transport of the desorbed prod 
t? the r in bod of the itior 
‘ 1 I} ( ippear to be nl a fev ten (one re 
‘ rie ‘ i if nvoive thie nitia of an 
t} i of a nicks lifide concentrate’) 
‘ hve i? a} tey ] thy absc ryt yf ‘ ctant 
‘ } +} this it ein It t ones iff 
" 
" thy cient a tat rhe oOlutior to er in 
ted with the nd ibsequent ter thy 
i ‘ i ( nd 
f high, 2) the pulp densit not exc e, and 
) trie te perature net ten } the ate 
bie f thy iy t ene cul enctior ‘ } her tempe 
‘ ‘ ture coefficient than that of tion) 
| ‘ ‘ ty Hl dia tp « i i i ict 
feature nd to which th are 
cted } hou hou the olution 
‘ ent il of the poe tinent pect ‘ 
j funct ! distance trot trie irtace In each case 
te of transport to « the irfaece lets 
‘ ic? ‘ if j 
‘ trie mn of the pecs i dif 
j j +} ! of thickne mediate idjacent 
‘ j this each i a rile j 
‘ Within th ve the cancent tion of the diffusir 
‘ ‘ hie ‘ i 
thy ‘ j Cul epresented tf if t ipapore ition 
j j ‘ i Cn funcet of the | tance ‘ onda 
‘ bie ecu ‘ ‘ ‘ 
thie } at th ty thy rate 
t whicl ilved ibstance diffuses to a solid 
‘ (whe ‘ col j epre 
adv DA 
ent tel it nad the} ‘ 
~ 
: here the amount of diffusu ite i vhict 
‘ the diffusior ive 4 thie 
Kinetic Considerations 
7 nt +} ords ) if) 
poem pe the of D increase htl 
te ture) the area of the 
we (ie f the irface): ¢ the concent tion at 
thre nd Cc the bu olution concentration 
this af j ma ) i thy 
The diffusion rate reache i value er 
‘ ‘ +) this | i 4 
i fy 
‘ ta rie ( | 6 | 
if 
at ct thie olutior it trie rite fice ( mpolete 
‘ foul by +} of I} P ent ippe thy 
| 
Pig thie entl thie lenendence of the rate on the con 
‘ j | ‘ lepict thy ste it n of 
‘ goat thy ty nitin mined thy, mn of ox’ 
thie | Pry the « f na lance arith 
‘ ‘ ‘ f i i } an i ‘ ‘ 
‘ this fd tion (re nA). Howeve as the en concel 


and hence 


tion 
and desorption) 
and do not lend 


produc 


or thie 
m about 0.Uo cm 


en 


Leaching Reactions 


Cyanidation of Silver and Gold 
mad neti of the 


been exal 


med activation 
the chemical 
and netic mei 
on ibout 
hed” that 
m oof 


cle po 


Fig |—Potential pH diagram tor the Cu H.O system 
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. nitat n of CuO even when the Hulk aa 
tration (and consequent! 1 fiffusior ute) inh 
t tio! oncentratior favor the formation of solu 
} } } P which bole | oduct Conee forme thie preci] «t 
vly, tends to passivate the pe 
it tee ndependent ed olve IOWTLY, 
fon nvolve en and hence 
ti coppel urtace 
f the oxvgen concentratiot correspond 
tation ir es the rate Steps 3 through 9 (those involhy 
ol nereasedad ncrea i 
j 
‘a th tir ite chemical reaction ut the 
egion A, but does not allec re 
tiv fro tem to systen 
\ i! lar dependence of leachin rate on oxyee! - 
hes ed for the evanidatior themselve to col deratior n renera erm 
once! ition has been ot ved y : thi Bet 
pl tior A h may arise mn i Be) 
f ve Howeve tt tem the Amor the complica whicl 
ponds t conditior connection the formation of oluble 
fependent limiti ate espond ! sions) whic! 
f oxvee! (sometime re iitin from cle on AT 
vhich the diffusion of ¢ il Tau ] 1) 
often accompantie leachin A in the example ai 
ter the thickne of the diffusior cussed above, the leaching coppe i 
d tio! It mav tend to depo it on the irnface of the eactin 
vat \ through which 
er rmal! range fre In al in ohid and form a pa lave 
i system to about Gi vigorous! the reactants and products must diffuse in order ™ = 
ree ery oO about Vi 
how th tion to be istained Such diffusion, which 
tuted one Usir these value t can be how! Peat 
| n-limited) usually much slower than the liquid diffusion 
that the maximun ittainablk (diffusion-il 
i rl ver where the olid layer fairly 
} eneow enctior of the order ol cu ed eariiet on 
vhen the concentratior porous, May VEcomn | aves 
10° mol pe q em pt f pet rt 
tant mol per and othe feature ofl rhe kine ( i 
( of the Cat re best 
} of the mechanisms of hydrometallurgical reactions alm 
r} | nseidered§ for nad dua yeten i number 
eactant i j ic? j en ¢ ( ‘ Corl 
ntratior nlikelvy to exceed 10 vhich are discussed bel 
er vyhose conce! inl ly 
! 
liter except we ! pre ine 
number of criteria have been advanced to ¢ 
bis } diffu on ryt eal eactiol ol Both the thermo 
toa af aiff on-controlled reue 
pe the 1 | i nined he principal reaction. ap 
tior wre characte ed | i marked depe! 
na } ou termpe rature coe to , 
lence on a and 
expondi te in apparent wtiva A 1C°N 
ciel! i ia } 
tion en between | and 4 keal per mo! 2AK(CN). 20H 4+ HO 
j from thre re 
yflusion of oluble produ I ‘ 
‘ ithough it has beet ivvested” that at high H.O 
‘ one ntration the follow renctiron ma Con 
it 
ented bi bute 
DA ‘ » (ct 2 OH | 
C) (7] +HO. + 4CN 
dt 
ill conditior estivated the diffusion of 
mi the ime meant as in Ea ne of the reactants (CN or O,, depending on 
vhere tne mibol i\ am mes 
ty +} il we i 
C. and hence the diffu n rate, can increase ul elative concentrations ) rue ilve te 
+) o f the product exceeded found to be ite Phie 
! 
t 1 mre pitate he example, duru thie rie vu » 1 keal pe mol 
ow diff on ma eaction ppeu to be fust 
eachit af meta coppe i i | 
It im tion of Cu ind OH irermment fail t vic nlo 
il ! Cu ed if nulla 
nit f the metal olution interface with tne ehemica rmechar It ‘ 
iverse effect of me of the ¢ i 
jue to the formation of a protective Hii! ol —_ 
hle per de on the 
HO Ca(OH) i 
ono 
} wn th to be 
sine the potent of the disse ny metal to 
of licted fror 
thor mies iremen 
‘ j oat ¢ tha | pul renetior 
: H are ‘ thi eat sate heave ¢ med the for 
nd confirmed it 
Ce ‘HO niermediate | 
ry fe 1} discrep 
not « rm the mse ol rie 
f f controlled | the diffusion of 
on 4 rtont (CN ()) te, the irnface the 
ent activation ene 410 5 keal per mol 


| l6a | 
16b} 
| 16 | 


[ 16d | 


g 2 Potential pH diagram tor the Cu NH HW 0 system 
otal NH. equals | mol per liter | oluti if opt enerally much more 
i NH vh table 


according to the 


been report 


autocataly 


‘aching of Copper 
[20] 


rminin 

Cu(NH,) 

olution, where 
Cu(NH,) 


( atio 
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hie f¢ owl } ae ‘ Hit 
44 
$'% ere the ous equilibrium constants, K, and 
Hsia? * te constant et to the followin reaction 
("u.-O (adsorbed) HC! (ord Cl) 
Cu -O (adsorbed) 
Cu -O (adsorbed) 2Cu’ + HO 
+ HO 2Cu 2HO 
' ‘ Wisplayil n unusual effect, Cl nhibits the d 0- 
} competi f inface te In 
complex tons of Cu wee 
kinmetue of d ition of lye n acid solu 
i ‘ li ha i » Deon Cu INH Hid) + i( NH.) 2OH 
ned When emploved a oxidant (17 
‘| 
ri ten thie inface wa ite-limmitur 
’ hile with Fe thie ite was chemically controlled 
ed to the « clusion that enera Cu 2NH INH, Cu(NH,) HO 
beetwoer thie metal md the oxidant 
‘ wel ed on th ten \t low value ratio 
‘ ime Chemica (is { orptior eor 
O |: (Cu€NH,), | the reactior 
i eal thie eut tal Ive 
espondir to the following Kinet 
! nie il fer miplexe the potential 
this if old ‘ much j i(NH ) \ [19] 
thy preset ‘ if thiat the « i! 
eoct ippares nte thy, forme arbye ‘ thre ri velocity The appare nt acti 
bepa ation ener 29 keal per mol. The proposed 
' ; ipidly established and that the 1 
thie emoval ¢t diflusior 
. f rr the irface to the bulk of the 
presumatl oxidized rapidly to 
\t i ot () d oof 
Cu(NH,) (ar espondir to region Bin Fig +) 
acid vere found } the kinetic ire en } 
ite k, |NH [21] 
te fu () | where | j } N vhich do« not influ 
ence the thermodyvname of the leachin reaction 
ent tivation ene well KCal pe pparent exerts a powerful influence on the rate 
Thies ¢ tant ie independent of and 
i(NH,) The f mecha m ha beer 
Thier edt Ive the fol vil 
oposed 
ats 
Cu 1/20. Cu OCadsorbed ) | 22a | 
Cu(NH.,) 20OH 22b] 
Cu Ol Cu OH | l4e] Cu Otad bed ) NH > Cu(NH,) OH 
14d] [22c¢] 
On H HO l4d] 
Cu(NH,) NH, -- Cu(NH,) | 22d | 
‘ tent thre observed 
tie imed t be ute mechanism a inne that the coppe irface | 
leterminu omoplete covered film of adsorbed (« 


ittice lefect which are formed during 


iformly over the 


Wadsworth ana Wadia have examined the cde 
miposition iprite t ilfurre acid olution 
yation of Cu(1), 


HO 


ot 


concentration 


rhis represents a phenomenon which fairl en both Hand undisseciated iven by 
erally encountered, i.e., metal oxides are often mor [HSO,| |H 4) 
eadily attacked by an und! ociated acid molecule ule {26 | 
HX (particularly when X capable of forming a K. 
complex ion of the tal li ithe o 
mplex ion of the metal) than by ¢ ther H X rhe following mechanism has been | oposed to ex 


mall amount ofl old 
(which doe not dissolve in ammonia) lowe! t CuO CuO-H SO, (adsorbed) 2ia 
ite of solution markedly This is due partly to the 
protective influence of the inert yold-rich phase Cu O-H sO, (ad Ded) 
which is left behind as the copper di olve and Cu Cu HO CO 127b | 
partl to the fact that favorable condition ure 
created for the formation of passivating deposits of Cu O-H SO. (adsorbed) i 
copper oxide 
Leaching of Oxides An understanding of the fic vu HO HSO 
tors which influence the solution of oxides Is Impot Phe eaction may occur either through reaction 
tant not only because of the intrinsi« nterest of 7h or 27%c. the tas hels dditive 
these system but also because it 1 probable that The kineti of the dative leachis of piteh 
cle (or compounds res¢ mbling oxides) are ofter blende ‘ en-contamnu carbonate-bicarbonate 
formed as intermediat durin the leaching ol! olutions have been invest heal The reaction i 
metals and metallhe ilfide A number of oxide 
eaching reactions have beet tudied 1/20 6HOO 
Pryor and Evan nvestigated the decompositio! 
olutions of various acid (CO) SHO | 28 | 


t fer xide dissolves readily in most acid 


The oxide prepared by ignition abo. 
a olved by a reductive mecha cate {29 | 


' m. but direct ad olution t thie eactior 
[hye nearl ependent of the concentration ofl 
94) 
FeO 6H 2 Fe [24] ind HCO pe adit these concentration 
weed ni low! evel inde ‘ fuve ible ceed cert nee ippatt nt activa 
thermodynamik condition yvhose inior 4 Cul pe application 
thie il ite euctior te thie 


the following 


[30a | 


ead face | 


Leaching of Sulfides ‘The cher try of the leach 


ce il more complicated 


ated kineti 


ehu dena en-contair 


HO 


Fig. 3—Solution concentration of a diffusing species in the 
vicinity of a reacting solid surface thie educt ‘ ibis ind hence the pgalena 
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ot Ve muitaneou uttack ol and 4 
by a thin of pper oxide) whict tively) 
Att n th film by NH (presumably at oxygen and iron sit espect 
ipidly in rea 22a. Attack o1 
} face | 
letermining tey mn the dissolution proce he 
higher rate constant for NH, probably reflects it gnition of 
the coppe ma ox er urtace ite wi 
abil oO attach ppet 
multaneousl 
‘ 
epre erie 
CuO + 2H Cu Cu’ +} [29] 
it) } } bie ‘ 
ry than those of non-complexing anion 
Thus the ate of solution it different acids decrease age 
the orade Ht HC] H SO HCIO Phe ] 
f colution of fe ‘ by nerease th ua 
naftfected } widition of 
) ( » 130.(CO Ho | 
neutral C it The mechanism of dissolut UO CO 
adatior ‘ ction ap 
It +} Ci hie ‘ hil i 
fut of the 
pew to be ite-determinin dissolution of th 
+} m that of metal ‘ mid a 
roore 
1 4) na fandit of ict ten has been 
One of the first reactions to be investi =! 
moderate ri at tem 
ction proceed 1} ite i 
(yf te ¢ () purtial pre inf ol 
pr j ‘ ‘ 
‘ 
stance PROM t 10 atn nd NaOH concentrations of 0.5 to 6 


Fig 4 De pe ndence 
»f the rate of solu 
tion of copper in 
074 mol NH. on 
ynygen concentration 


at 26°C 
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hie hemiust f the ten ve complex. The 
! lucts comfy oOlubis iit and a 
mixture of iron oxid notat FeO, and Fe.O,. The 
! | table ive iround the 
‘ The esult re tative ons tent 
+} which the {Tu ilfu wma 
firectior throuet the oxide 
‘ beste thie ate 
It } ble +} iy ppl 
or ine ‘ j commerctia 
4 ‘ mis +} 4 nad « halt 
fic} noent te It Dear j ted 
NiS:1 7O. + 10NH, + 4HO- 
Ni(NH,) () (1) - HO SO | 
‘ ‘ of the (NH.) SO. in solution 
| 
‘) Hid) i ] 
‘ t « ‘ t nal 
‘ ‘ ov rn ft ¢ ut 
(Cott) ‘ Ae OH | 1 if eut | nd a | At tempera 
the he OH ‘ 
nt mn the © () 2 136] 
i ted out 
thi ot the ‘ ‘ not bee 
>) (ie 
7 ree () FeSO) ial 
the le 6 FeSO 11/20. -+ 2 Fe(SO,) FeO (37b 
ke (SOL) Ho ke HSO 
tat FeS | HSO, + FeSO, + H 7d 
Fe (SO.) if} 
Ni 
f Hl f by it estat ned \t 
To this +} ‘ ‘ } wat ‘ bis ¢ net 
] ‘) Hid) j 
{ } () Hid) Hi () 
perature f 100 et 
thie t? ! ! | Hd HSO) 
OH Int tof int 
| 
2 


and may be studied involving epara 


at much lower temperatures and pressure How- follow 

ever, the results parallel those obtained with oxygen 

n that pyrite, which is oxidized very rapidly by a Anodic proce Zn +4Cn 
liffusion-controlled reaction, yields only sulfate, Cathodic proce Au(CN) e>Au+2CN. [43] 


while } hotite and ¢ generally react to yield 
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Fig. | 110; poles ‘closed circles) of 13 grains supermm 
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per grain (identified by number) superimposed on the {110 
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| lodges Robie 


WHEREAS, the Board of Directors of the American Instutut 
ot Mining, Metallurgical, and Petroleum Envineers takes 
note that the Secretary Emeritus of the Institute, ED 
WARD HODGES ROBIE, will retire November thirtieth, 
Nineteen hundred and fittyv-six, atter twenty-five vears ot 


voted 


RESOLVED, that the Board of Directors commends bkdward 
Hodves Robie tor his outstanding ability as Editor of 
Voune and Metallurey trom 1932 through 1948, and tor 
his stv le combining wisdom and Wit as author ol 


the “Dritt of and 


| Apresses 10S Apprechation to him for successt ull guid 


inv the Institute as Secretary trom 1948 to 1955 through a 


period of far-reaching deve lopment and vrowth 


November 16, 1956 C. bE. Reistle, Jr., President 
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a 


President Reistle, Jr 


On December 5 the New York Section meeting was the occasion 
a salute to Edward H Robie and his years of service to the Institute 
President C E Reistle, Jr, on behalf of the Directors, presented Mr 
Robie with o fifi set in token of thei personal appreciation and 
esteem. These candid pictures taken during the meeting show some 
of the members present with Mr Robie on this occasion 


HW DeWitt Smith and Mr Robie 


Moultor 


Stuart 
New York Section Chaiman 
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Electric Furnace Steel Conference 


fi 

Head table quests at the Fellowship Dinner, left to nght, J. T. Richey, chairman, Local Arrangements Committee; J. R. Atkinson, president, 
Guild, HN. Barrett, Jr, chairman, Finance Committee, E. Kirkendall, AIME Secretary, C. F. Staley, past chair 


Electric Metal Makers 
Committee, E.R Johnson, vice president, Republic Steel Corp; and E. C 


Committee, C E Summs, chawman, Executive 


vice president, U S Steel Corp, toastmaster 


through 
Morrison 
Four 
e Steel 


riittes 
three 
record 
partic) 
ind the 
irope 
lant trips to 
f Republi 
Harbor 
Foundri 
conference 
of South 
nd Sautee 
in Steel 


ctric f 


n addr interesting subject of Men, Money, and Machines , . — 
! ! oniercence 


wship Dinner which was held on Dec 7 at the Morrison Hotel 
‘ lal resented the 
veme! vard a 400-day 


ssed his audience on the 


bers of 


Co 


Right, gathering for 


t the Indiana Harbor Works of American Steel Foundries took place on the opening day of the conference 
participants are shown viewing details of turnace operation 


A tour 
t the plant, left 


mspection 
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Hotel was the scene of t 
| MIME Iron and Steel D 
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4 Foundries visit showed 
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¥ toured the vorld largest electric 
R John 
clock appre ition | } 
the Electric Furnace Steel @8mmit 7 
—- tee to Cl in C. E. Sit 
hlvel p t i iintained by 
toastmaster D.C. I J 
Loa a“ AOPCUN Jt Vice ‘ 
| 


Breaks All-Time Attendance Records 


> 

ie 


Head table quests at the Fellowship Dinner, left to right, AIME President C E Reistle, Jr, D L. Clark, chairman, Conference Committee, R. R 


Jones, works manager, American Steel Foundnes; CP. Cutler, district manager, Republic Steel Corp; V. J. Nolan, chairman, Membership Com 
mittee, V_ E Zang, vice chairman, Conference Committee; R. W. Shearman, AIME Metals Branch Secretary 


AIME Arnold, 3rd., drew attention to high hot tearing, ladle refractor ise of 
President Cat BE feistle, J had lights in the history of electric fur oxyge ind fume control 
vords of greetir to the conference nace operation, and i paper by The essior or cray resoures 
Ven, Money nd Machine vas the Robert Bry of General Electric Co eemed of particular inte tin vie 
nterestir theme of the wicdre ! ‘ npt isized the pl ice oof transtorn of the present higt price ol rap 
FE. R. Johnson, vice president—ope1 el n past, present, and future de vhich has le to a search f | 
ition Republi Steel Corp clopment Chapin Hoskin of the titute charg. iterial Uns of 
me 30 pape « presented. A Institute of Trend Research, pointed molter rer lesitheonized ror 
BB Vu f Electr Furnace it the most remarkable cyclical ind pone rot vi considers 
Steelmal iq Wa thie nitial confer movement of crap price a top ot Joh Stalhed of Stora Kopparbel 
ence | ert Bout of reat ilue to those concerned with the use if por it 


urnace plat 


f lectric furnace } Othe: ‘ or of the conference Party 


idification of eles 


Memorial Award Dinner 
Honors Frank J. Tone 


Ready Serve 


those industries and companies which have set 


ct ( horur 
ro Co ed the ne lif their sights on the profitable possibilities in the nuclear 
indum Co. Other sneak: nelictiod solidated its operations in THORIUM AND RARE 
AIME President Kinzel, Dr. E. O EARTHS CHEMICALS. 
as Two plants, one at Pompton Plains, N. J. (formerly 
I te toast ti Rare Earths, Inc.) and one at Baltimore, Md. are in 


operation. Your inquiries Concerning our products 


To Address Institute and services are welcomed. 


9 


(Cont ed from page 


DAVISON CHEMICAL COMPANY 
his management Division of W. R. Grace & Co 
a 


Baltimore 3, Md. and Box 488 Pompton Plains, N. J. 
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The first annual Frank J. Tone pte 
Memorial Award Dinner f the 
Niagara Frontier ectior held | 
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= 
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irre 
re 
chairman of the executive commit a 
ter etainir the itter post. he be 
1¢ 
} ¢ he hoard ir 195 


Mathewson Medal 


Robert W. Hunt Award 


D. W. FUERSTENAU 


Receives Hardy Medal 


The Robert Lansing Hardy Gold 
Medal ha beer iwarded to D. W 
Fuerstenau of the Niagara Frontier 

Morris Cohen, Chairman of 

\ward Committe an 

nounces it the Boar of Director 

Me«wt nik ! December that Mi 

Fuerstenau was the first recipient 

of tl iward with the ipproy il of 
the Metal Branch Council 

ntation took place on 

Hotel After 

jersten poke or 

rgu of 

Mode ry 


Metal 
Met 
illurgical 
in metallurgy fi 
Dakota of Mine 
Later he tained an 
Montana School of Mine 
ctorate in mineral engineet 
ny ut Mussachusett Institute of 
Pechnolos He was Associate Pro 
fe or at MIT for three 


ptional pron 
tallurgy ind 
r 30 year 


EMD Award 


The EMD Award, establ dou 
55 for the best paper in the field 
of extractive metallurgy A ll be pre 
ented this year to Raymond C. Bell, 
Gordon H. Turner and Ernest Peters 
for their paper Fuming of Zine from 
Lead Blast Furnace Slag 1 Ther 
iynamic Study, JOURNAL OF Met 
March 1955 
miuate thre 
Columbia, Mr 
A Se 


Award Winners To Be Honored At Annual Meeting 


in 1938. He worked for 
olidated Mining & Smelting 
and later was trans- 
Central Research 
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enior research en- 

1949. Mr. Bell did 

nineo at the Mines 


Branct } Dominion Govern- 
ment, Ottawa 
Mr. Turner Va born in Van 


B. C., and majored in physi- 
the University of 

he also re 

1941. He 
ail, B. C. in 
the Dept of 
Mr. Turn- 
miated with the 
lopment division 
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born in 
Canada in 1926 After 
i {AF from 1943 to 
eturned to school and re- 
e degree of Bachelor and 
of Applied Science in metal 
the Uni 
i Columbia. In 1956, 
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From 
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vith the 
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research engineer for 
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f British Colum 
currently research 

Metal Research Labora 
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Wins Fairless Award 


Leo F. Reinartz, recipient of the 


Fairlie \ward, wa 

n F Liverpool Ohio 
‘arnegie Insti 
ilso Rave 

1950. A 

| established 
it ! honor 1954 by the 


AIME. NOHC. Beginning as chemist 
the American Rolling Mill Co 


d to Asst. Supt. and later 

t Side and Central 

Depts. In 1951 

ident, Special 

ent, a post he 
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At pre " he is consultant to 
resident of Arn 

active \IME member ince 
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co 


many terms and was President 
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WwW 
orld Metals Congress ENGINEER? 


The Second World Metallurgica 


“EJC’s Report on What's Happening in Engineering” 


A Periodic Newsletter from Engineers Joint Council ° 29 W 39th Street, New York 18 NY 


and Equipment Con 


The W J ( 1/ME 1 member ference 60 papers on handling radio 
Tongre be pre itive natertals and hot cell opera 
ded by two weeks of conducted Survey of Engineering Profession sion 130 papers on fusion, safety, 
tou ss hich important plant EJC Board and ECPD ¢ nen are tandard ition, protection of water 
Rg sncust chang proceeding to estat h an operating upplie high intensity radiation 
sited The tour ttee for ingest proce ing, use of educational reac 
ngec to coves rious Heid tne neerit prot Ol evel tors, reactor design, ete. Discussion 
eparate taken ro penetrate every ispect on developing products through use 
FOR and ind level of prote or invey will of isotope market potential in 
nonferrou renin and take two Cal Kecommendation itomc energs legislation, prospect 
fabrication, fe ly aS fabrication, heat f Task Cor ttee on Surve point on economic nuclear power and new 
sreatmem t or al eritical prob products through radiation chemi 
pect testin Manag ent ind t t nd shape of fu tr ire a few of the ubjects covered 
n the meta ndustry ture nationa product the face ot rm meeting Many new firn 
ndusts t ind count le and even polit exhibiting The time: March 11-15 
ent aniversit and eta eal powe!l vorld conference 1957 The place Convention Hall 
pects oF stomic enet table vill depend on future pattern Philadelphia. Information at EJC, 29 
The First World Metallurgical f @y ne ' It that important West 39th St. New York 


( Busy B's (Election Extra) Add Labor Panel 
Josep W Barker \SME nad Judge Burnita Mathew US. Di 


ee nation f the rld 
pated in te ind ectis Fischer Black, AIEEE, unanimou trict Court, D. C., has ruled against 

Dr. Za JetTric d-ret i ected president and ce president the National Labor Relation joard 
sutl ind scientist. director penera of EJC for 957 at Board meeti tlempt to lump non-professional 
{ the first congre ind a fo ‘ No. 16. E. P. Lange ecreta BE. | nd pros as bargaining group, up 

pre lent of ASM, has been apy nt (handles tre ire! and L, K heoldur KIC brief a friend of 
i director enera f th nd Wheeloch i tant ecretal eon ( irt position a vritter 

Taft Hartles Act 


, for Meta ‘Ul Buchia Ave EJC Third Annual Assembly ASEE has appealed to EJC for 


eland 3. OF 
National f i for disecu on of help ou temming exodus of teacher 
engineer profe onalism and it fror chools to industry, confirming 
Metal Exposition And ociet Topi Place of Facults Stud) fcopie 
nationa ! ivallable it EJC, 29 W th St 


Congress in Los Angeles nternatiol cal cold N YC.) Suggestions to correct situa 


Thirty national techy ‘ ! rie tatu vanted b ASEE Se« W Le 
neludi AIME, are cooperat rite 1, pre ent, | d Collin University of Illinoi 


1 Futur 1 oner, | Civil Service Ce rhe AIME Physical Metallurg 


York Section. was hon 


Soreliu 


it of Physi Royal Institute of 


Ort ‘ edul I] de Internation | neering Co.; E. B \rechnolos tockholm. Sweden 
t ol ( protects "eCK, 1 I Research & En in afternoor t to Philips Lab 
etallur f elect ( Krotz, California oratories In division of North 
| nferer ad Heese en Cory Frank Leamer, Bel Amer in PI ips Co it Irvington 


mducted 


tori for mapnety 


Phe expe tior ! t} ra 
| Auditoriu enor Place Hote tatie tute ph ‘ metallopraph 
iS | Engineering and Science Closer juefaction, and semiconductor 
‘ productiot it per was followed by a dinner-meet 
Dobb ker featured I) 


te The Early 


Western NOHC Meeting Engineering AAAS. TI four af 


The AIME NOHC Westerr ‘ Interested mainly in the physi 
i i eet ! etal Dr Boreliu chosen 
r t the Ro y t j 1957 Nuclear Congress IMD Annual Lecturer in 1951 at 
| ired peut eat i} t Cor which time he poke or Kinetu of 
{ R ‘ | ‘ N ‘ kr neers Pree pitation in Supe reooled Metallic 
ipe ntitled A Re e of Oxygen ( ferences NICK slution He will spend a month 
‘ } eP Fine n Indust Confer t} ear at the University of Illine 


metallus 
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Congre ] be held in Chicago 7 
Nov. 2-8, 1957, simultaneously with ei 
OF ind Expo itior Botl event ire = 
1B wa red by ASM. More than 500 eer a 
ts] fs 2 
id 
l- 
of & 
‘ 
f 
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19 her onferee f 
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| 
3 
Western Metal Ext tion and Cor nd Wernher Von Braun, t » Arn e 
y 
frame Hig Pempe il Grom, 
Vater l ind Light Al the lat ooperatior \d nistration J I ored at their meeti or 9, by 
ter chaired by Harold Block of A Duce © pre lent, Arabian Ameri f_¢ 
tose 


OXIDES METALS SALTS 


MICHIGAN CHEMICAL CORPORATION NOW 
PRODUCES RARE EARTHS in large quantities to 
exacting purity specification New research and plant 
talled by scientific and technical groups, com 
bined with the company fine chemicals and pharma 
ceutical units, have made possible this progre m rare 
earth chemistry and metallurgy 

Research facilities and personnel are available to help 
science and industry in the development of Rare Earth 
oxides, salts and metals application 

Write for information on availability of MC Rare 
barth products and for technical data sheets on thei 


characteristics 


* Trademark 


MICHIGAN CHEMICAL CORPORATION 


558 North Bankson Street, Saint Louis, Michigan 
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Institute Awards 


Continued fron page 


J. E. Johnson Award \ y/ 
rhe J. E. Johnson, Jr. award wi 


For CONTROL and RESEARCH 


be presented to Ra 


Douglas Gold Medal 


Russel B. Caples has been choset 


Model 2400A Desk Type Metallograph 


Complete Operation 


from Sitting Position 


ind for outstanding succe 


Mortada Wins Two Prizes nd Projection § 


Iwo of the Institute’s must coveted @ Quadruple Revolving Objective 


n grace the home and lurret % Lamy Pilrer 


Model 2400P Desk Type Metallograph 
Added Features 
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Pile e send me complete intormati 
n AO Metallograph 


Optical 
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Fu (Opera i ing in ne 
ntribution to the Blast Furnace : 
Born in St. Paul, Minn. in 1916, he <4 
eceived the degree of metallurgical 
engineers from the University of 
Minnesota in 1938. During the sun = 
er 1937, he worked as a rodmat F 
t the South Chicago Works of 
| Steel ( orp \fter graduation 4 
the ime compat employed him at 
prentice n the Blast Furnace Dept 
indquist advanced steadil In 
4 he ecame D on Superinter 
v 
lent of Blast Furnace 
to res the Jame Dou i Gold 
Medal. Born in Glasgow, Mo., in 
~ 
i he received a BS leyree 
mining engineerir n 1910. and in 
148. an honorary Ph.D. in engineet! 
nd researe lep er Lnaconda 
In 19 he was transferred to the “= 
pre lent of Anaconda Alun | 
esident- met | peratior 
ill the 
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neluding 
ead For distinguished achieve a 
ent in extractive metallur pat 
ticularl the electrowinnuy f 
I i Ouality Ar | my 
of man netallurgist 
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Multiple Phot phi ] Ball bearin 
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paper, A Practical Method for Treat ; -— 
q Oilfield Interference Water 
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{ to Mr. Mortada for = av 
j pe ‘ ‘ ‘ il / 
tte vhich appeared in JOURNAI > e | Ke tng Graduated 
PI OLEUM ‘TECHNOLOGY Decen | Bearis 
Mr. Mortada’s prey ition for thi 
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the University of Cairo in his native 
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METALLURGICAL ENGINEERS... 


Help develop the world’s first 
nuclear powered fleet 


The USS. Nautilus, the first outstanding application CORROSION ENGINEERS provide consultation 
of nuclear power to naval vessels, has demonstrated service on problems of high temperature, high purity 
the potentialities for a modern, streamlined fleet water as well as planning and evaluating testing pro 
which could cruise at high speed without the restric grams designed to determine suitability of materials 
tions of frequent refueling. As the pioneer in nuclear used in applications where crevice, fretting stress and 
power, the Westinghouse Bettis Plant in Pittsburgh corrosion fatigue present difficult materials problems 
is playing a leading role in producing power reactors Regardless of your interest, you will be able to choose 
for this nuclear fleet. Not only are Bettis engineers a position in our varied operations. Atomic exper- 
now developing more advanced reactors for sub ience is not prerequisite! 


marines, but they are also prneering nuclear reactors 
Located in Pittsburgh's South Hills, Bettis Plant 


for a voided missile light crumer and an atomic air 
is adjacent to pleasant suburban areas as well as 


eratt carrer 
Much of the technology used to harness the atom 
for nuclear propulsion is being developed for the 


convenient to one of the nation most progressive 
cities where educational opportunities are exceptional 
first tome Our growth to date must be continued by 
If you are interested in working 
in the field of atomic power write 
for the brochure, ‘Tomorrow's 
Opportunity Today.’ Address 
develop the materi ering Bettis Plant, Dept. A-115, P.O. Box TODAY 
tur com the neas 1468, Pittsburgh 30, Pennsylvania. 


creative engineers who enjoy the challenge of new 


technologieal advancement 


plant. The metallurgist is responsible for the develop 


ment of uranium alloys together with cladding alloys 
to form a composite fuel element consistent with the BETTIS PLANT 
reactor core requirements. He must also solve the 
mayor metallurgical processing problems that will 
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PERSONALS 


W ROSTOKER 


William Rostoker has been promoted 
to manage! meta re 


earch department, Armour Researcl 


Foundation Illineos Institute of 
Technology Chicage He had pre 
Mou ly erved i netall ‘i 
ind supervisor of physical metal 
lurgy. Prior to joining the founda 
tion in 1951, he taught at Illino Ir 

titute of Technolo the Ur 

versity of Birmingha king \ na 
tive of Toronto, Dr. Rostoker re 


netallurs fror the Universit of 
Toronto, Canada, and } Ph.D. fron 


Lehigh Universit Bethlehen 


Clarence Zener has been named di 


rector of the researc}? laboratoric« 
Westinghouse Electri Corp Pitt 
burgh Formerly i professor and 


physicist at the Univer y oO hi 
cago Zone! had heer i ociate 


director for the past five eal 
graduate of Stanford University 
Palo Alto, Calif., he earned } PhD 
degree in physi at Harvard Uni 
versit Upon } return from post 
tud it’ the Uni er of 


doctora 
Leipzig, Ger 


Nationa! 


it 


Wa 
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metallurgy 


Westinghou 


Harold E 


Lee ha beer ippointed 


ce president harge of research 
ind development at The Bunker Hil 
Cr san Francisco. On the staff nee 
1931, he had been manager of met 
il cnarpe of ore procure 
nent and respor ble for the con 
pany reduction plant 


S. A. Rosecrans is manager, Material! 
Engineering Dept Westinghouse 
Flectric Cory 


oined 


James W. Snyder, Jr. ha 
suffalo 


\luminum Co. of America 


Cr. Hf, Mo, Nb, Os, Pd. 
Pi, Re, Ta, Ti, Zr 


Get pure vacuum melts of these metals 


in minutes! 


With this new Heracus Arc Melting Va 
uum burna the VA-L200C,, you can vet 


utton 


You can get them of Titanium, 711 


conmum, Tungsten, and other metals ot 


‘loys with high melting temperatus 


You can get them tast and pure 


Super-fast mechanical pump \ 


mechanical Vacuum pump pulls pr ut 


in the furna lown to 5 x 1lO4mm Hy 


Its throu rhput of 10,400 micron CEM 


it micron handl udden va 


ncountered with ertam metal 


No oil contamination — [hic Koots puny 


frictiont rotary pistons require no orl 


from backstreaming vapor in the system 


No crucible contamination hic 


ooled, Copper cruct 


Ontaminat th 


The Heraeus Vacuum Arc Melting 
Furnace Mode VA-LZ00C, small 


est of a line of Heraeus Furnaces 


sold by CEC mas 


vapor fr pr A motor thy Complet 
operating within the vacuum drives 


Consolidated Electrodynamics 
Rochester Division, Rochester 3, N. Y. 


formerly Consolidated Vacuum 
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FRANKEL DEPENDABILITY 
SAVES MONEY FOR YOU! 


NICKEL * MONEL * INCONEL * COBALT 
NICKEL CHROME ALLOYS + TITANIUM 
STAINLESS STEEL * JET ALLOYS 


Frankel 1s 


job dependability 1s more than a word at 


specifically equipped for the 


Because 
Frankel Company, it 1s a way of life. It is a system 
that can provide you with secondary alloys, equal 
in every way to ingots but considerably lower in 


cost 


Let Frankel Company, a name synonymous with 


quality converters”, help your profit picture with 


pecification « ontrolled secondary alloys 


You are assured of a scientifically graded product 


quaranteed analysis uniform packaging 


ready for direct charging without further 


pre paration 


Write, phone or wire for detailed information today 


FRANKEL COMPANY, INC. 
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Time — Temperature — Carburizing Medium — Circulation 
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have been accepted as essentials of the gas carburizing process 
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portance. POSITIVE PRESSURE CARBURIZING has simplified the con 
trol of the amount and distribution of carbon in the case. Uniform 
results from heat to heat are realized not only can the desired 


carbon concentration be obtained on the surface of the work but also 


to spec ified depths below the surface. Finish grinding may be perform ed 


or may be eliminated 


without loss of uniformity of surface hardness 


entirely 
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98% pure silicon 
is produced in 
Dow Corning’s 
new 6000 kva. 


furnace 


ILICON, second most plentiful ele- 

ment on earth, is so tightly combined 
with oxygen that it can be isolated only 
through complex chemistry and the ter- 
rific heat of the electric furnace. Dow 
Corning are performing this operation 
with the Lectromelt* furnace equipment 
shown here, producing 98% pure silicon 
metal. 

In the furnace reaction, quartzite rock 
is reduced with coke and charcoal at a 
temperature of 4100°F, Each tapping of 
the furnace yields about a ton and a half 
of silicon. Upon cooling, itis ground to 
a powder and employed in the manufac- 
ture of silicones 

Lectromelt engineers, throughout the 
past 38 years, have been conducting con- 
tinuing research on high temperature 
chemistry. They have designed and built 
many furnaces for various branches of 
the metallurgical and chemical indus- 
tries. For their help, write Electrothermic 
Division, Lectromelt Furnace Company, 
326 42nd St, Pittsburgh 40, Penna. (a 
McGraw Electric Company Division). 


@ TOP: This Lectromelt lurnace is unique in 
design. Its suspended roof protects the flexible con 
ductors and water hoses akan the intense heat, 
but leaves the furnace open for manipulation of 
the charge 


@ MIDDLE: 3/00 silicon's reduction temper 
ature, 15 maintained at each submerged arc, the 
electrode moving down automatically as itis con 
sumed. At the right 1s one of six chutes for charging 
the furnace 


@ BOTTOM: Smelters, working through six open 
ports at the charging level, regulate, stoke and 
trim the flaming mixture of quartrite and coke 
The crucible is 13 feet across and almost 7 feet deep 


Manufactured in... ENGLAND: Birlec, Ltd., Birmingham .. . FRANCE: Stein et Roubaix, Paris 
BELGIUM: S.A. Belge Stein et Roubeix, Gressoux Liege... SPAIN: General Electrica Espanola, Bilbao 
... ITALY: Forni Stein. Genoa... JAPAN: Daido Stee! Co..Ltd.. Nagova 


WHEN YOU MELT... 


50 K.V.A. 
10 
4 
» 
50,000 KV.A 


DATA ON VOLMEX 81... 


VOLMEX. 


performs as a high volatile ingot mold coating 


when applied... 
(1) Wet (2) Dry (3) At varying ingot mold temperatures 


VOLMEX 81 isa highly volatile ingot 
mold coating which has been tested 
and adopted by a number of steel 
plants. The charts below are based on 
actual data obtained during such trial 
runs. Because of the differing practices 
employed by various companies, we 
have included several variables. First, 
because VOLMEX 8&1 can be applied 
either dry or with water as the carrier 
spraying, swabbing or dipping are 
all practi al), we have presented test 
figures on its use, both wet and dry. 
Second, we have included data on a 
range of ingot mold temperatures 
from 1L0O°F. to 700°F., and third, we 
offer for comparison the results of a 
one-hour and a2 three-hour time-at 
mold temperatures. No matter what 
method of application was used, 
VOLMEX 8&1 was found to repel metal 
splashes effectively before they could 
solidify and cling to the mold wall. 
At the same time, enough of the 
graphite-base coating was left at the 
metal mold interface to keep the 
main body of the pour from clinging 
when it reached the point of splash, 
thus reducing surface defects. For wet 
application, VOLMEX is easily 
stirred into suspension and remains in 
that state for hours without re 


agitation. 


VOLMEX 8&1 is the most volatile of 


the United States Graphite Company 
ingot mold washes. Others, in order 
of their volatility are: 90-B 
volatile), MEX (very little volatility 
and VOLMEX 
than VOLMEX 381 


more extensive details or our engi 


(non 


volatile, but less so 


Write us for 


neering staff is available for on-the 
spot assistance. Mold spray and 
mixing equipment are ready for your 


use in tests you may want to arrange 


Table | Volatility of VOLMEX 81 Ingot Mold Wash 


Mold Coating Volatility Test—VOLMEX 81 
Water Application 
2.75 Ibs. powder/gal. water—Period— 1! Hour at Temperature 
300 F 500 F 
Y, loss after heating for | hour 743 73.9 
% loss on ignition at 1900 F. after 
| hour of specified temperature 14.4 


Total percent volatile matter 88.3 


Table 


Mold Coating Volatility Test—VOLMEX 61 
Dry Application —Period— 1 Hour at Temperature 
300 F 500 F 
Y, loss after heating for | hour 08 

% loss on ignition at 1900 F. after 
1 hour at specified temperature 


Total percent volatile matter 


Table 


Mold Coating Volatility Test— VOLMEX 81 
Dry Application — Period—3 Hours at Temperature 
100 F 300 F 500 F 
%Y, loss after heating for 3 hours 0.1 08 11 

%G loss on ignition at 1900 F. after 
3 hours at specified temperature 606 59.6 597 


Total percent volatile matter 60.7 40.4 40.8 


You will note in the first chart which is the wet application, that the loss is all of the water co 
plus a slight amount of the remaining volatile. Since on a weight basis, the powder is about 
the make up if you will multiply the percent loss figures ot 1900 F by four, you will get ar 


of the amount of volatile which would be present for loss during the pouring operation 
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